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AUTHORS NOTE
The fo rm u la e  o c c u r r i n g  i n  t h e  t e x t  a r e  
r e f e r r e d  to  i n  th e  form  ( l . l ) ,  ( 2 . 1 l ) ,  ( 3 . H i )  
( 4 . I V ) ,  e t c .  The a r a b i c  n u m e ra l  r e f e r s  to  t h e  
C h a p te r ,  t h e  roman num era l  to  th e  number o f  
t h e  fo rm u la  i n  t h a t  C h a p te r .  The c h a r t s  found 
a t  t h e  end o f  th e  t h e s i s  a r e  l e t t e r e d  A to  H 
i n c l u s i v e  and J  to  K i n c l u s i v e .  The fo rm u la e  
t h e r e i n  a r e  r e f e r r e d  to  a s  ( A l ) ,  ( B I l ) ,  ( C I I l )  
e t c . ,  t h e  l e t t e r  i n d i c a t i n g  th e  p a r t i c u l a r  
c h a r t .
The l i t e r a t u r e  c o v e r in g  t h e  c y c l o p o l y m e r i s a t i o n  r e a c t i o n  i s  b r i e f l y  
s u rv e y e d  w i th  em phasis  on t h e  m ethods u sed  to  d e te rm in e  r i n g  s i z e  i n  
c y c lo p o ly m e r s .
P a r t  1 o f  t h i s  t h e s i s  d e s c r i b e s  t h e  s y n t h e s i s  and p o l y m e r i s a t i o n  o f
N , K ' - d i v i n y l u r e a s  o f  g e n e r a l  s t r u c t u r e :
R R
i ICHo=CH-K-C0-N-CH=CEo , w here R=R=CH^ o r  CJL- and R+R=-CH0-CH0-  o r  d d p o p  d d
The c y c l i c  H ,Nf- d i v i n y l u r e a s ,  1, 3 - d i v i n y l i n i d a z o l i d - 2 - o n e
(R-rR^CH^-GH^-) and 1 , 3 -d iv in y lh e x a h y d r o p y r im id - 2 - o n e  ( R+R^CH^-CH^-CHp-),
gave: i n s o l u b l e , c r o s s - l i n k e d  p o ly m ers  which c o n f irm ed  th e  f i n d i n g s  o f
55Crawshaw and Jo n e s  . The a c y c l i c  R , N ' - d i v i n y l u r e a s ,  1 , 3 - d i p h e n y l - 1 , 3 -  
d i v i n y l u r e a  (R=R=CgH^) and 1 , 3 -d im e th y l -1  , 3 - d i v i n y l u r e a  (R=R=CHV) ,  c o u ld  
n o t  be p o ly m e r is e d  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s .  To e x p l a i n  t h e  f a i l u r e  
o f  t h e  c y c l i c  R jR ’- d i v i n y l u r e a s  to  c y c lo p o ly m e r i s e ,  Crawshaw and Jo n e s  
p ro p o s e d  a c o n t in u o u s  c o p la n a r  o v e r l a p  o f  th e  T f o r b i t a l s  o f  t h e  v i n y l  and 
c a rb o n y l  g ro u p s  w i th  p o r b i t a l s  on th e  n i t r o g e n  a tom s. E v id e n c e  to  s u p p o r tZ»
t h i s  p r o p o s a l  h a s  been  o b t a in e d  from  u l t r a v i o l e t ,  n . m . r .  and  i n f r a r e d  
s p e c t r o s c o p y .  The f a i l u r e  o f  t h e  a c y c l i c  N , N ' - d i v i n y l u r e a s  to  p o ly m e r i s e  
h a s  a l s o  been  e x p la in e d  on t h e  b a s i s  o f  t h i s  o v e r l a p .  A d d i t i o n  o f  a  r a d i c a l  
i n i t i a t o r  to  1 , 3 ~ d ip h e n y l - 1 , 3 - d i v i n y l u r e a  p ro d u c e s  a r e s o n a n c e  s t a b i l i s e d  
r a d i c a l  which does  n o t  hom opropaga te  and which i n h i b i t s '  o r  r e t a r d s  t h e  
p o l y m e r i s a t i o n  o f  o t h e r  monomers, A s tu d y  o f  th e  c o p o l y m e r i s a t i o n  b e h a v io u r  
o f  N,N’- d i v i n y l u r e a s  s u p p o r t s  t h i s  p r o p o s a l .  A lthough  1 , 3 - d i v i n y l i m i d a z o l i d -  
2 -o n e  and 1 , 3 -d iv in y lh e x a h y d r o p y r im id - 2 - o n e  form  copo lym ers  w i th  e t h y l  
a c r y l a t e  from which r e a c t i v i t y  r a t i o s  and Q, and e v a l u e s  h a v e  b een  
d e te rm in e d ,  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  i n h i b i t s  t h e  p o l y m e r i s a t i o n  o f  
t h e s e  E , N ' - d i v i n y l u r e a s  and e t h y l  a c r y l a t e  and r e t a r d s  th e  p o l y m e r i s a t i o n  
o f  s t y r e n e .  F o r  1 , 3 -d im e th y 1 - 1 , 3 - d i v i n y l u r e a  i t  i s  s u g g e s te d  t h a t  c o n j u g a t i o n  
d o es  n o t  p e r m i t  in t r a m o l e c u l a r  c y c l o p o l y m e r i s a t i o n  and t h a t  a  s t e r i c  e f f e c t  
p r e v e n t s  th e  i n t e r m o l e c u l a r  r e a c t i o n .  A s tu d y  o f  th e  h y d r o l y s i s  o f  E , N ' -  
d i v i n y l u r e a s  to  a c e ta ld e h y d e  and th e  c o r r e s p o n d in g  u r e a  i s  i n c l u d e d .
P a r t  2 d e s c r i b e s  th e  s y n t h e s i s  and c y c l o p o l y m e r i s a t i o n  o f  d i v i n y l
31p h o n y lp h o sp h o n a te  and d i v i n y l  m o th y lp h o sp h o n a te .  P N .m .r .  s p e c t r o s c o p y  
i s  shown to  be a b l e  to  q u a n t i t a t i v e l y  d e te rm in e  p h o sp h o ru s  atom s i n  
d i f f e r e n t  ch em ica l  u n v iron raen ts  and i s  a p p l i e d  to  t h e  d e t e r m i n a t i o n  o f
xxv©— a n d / p r  s ix -m em bered  r i n g s  i n  t h e  c y c le p o ly m e rs  from  d i v i n y l  
p h o s p h o r a te s .  U sing  t h i s  t e c h n iq u e  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te )  was 
found  to  c o n t a i n  b o th  f i v e -  and six -m em bered  r i n g s  and p o l y ( d i v i n y l  
m e th y lp h o s p h o n a te )  o n ly  s ix -m em bered  r i n g s .  T e l o m e r i s a t i o n  o f  d i v i n y l  
p h o s p h o n a te s  gave d i - a d d u c t s  r a t h e r  th a n  c y c l i c  m o n o -ad d u c ts .
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INTRODUCTION
The p o l y m e r i s a t i o n  o f  n o n - c o n ju g a te d  d ie n e s  p ro d u c e s  e i t h e r  c r o s s -
l i n k e d  i n s o l u b l e  p o ly m e rs ,  l i n e a r  p o ly m ers  c o n t a i n i n g  a p p r o x im a te ly  one
r e s i d u a l  d o u b le  bond i n  each  s t r u c t u r a l  r e p e a t i n g  u n i t  o r  c y c lo p o ly m e r s .
The te rm  c y c l o p o ly m e r i s a t i o n  h a s  been  i n t r o d u c e d  to  d e n o te  a  c h a i n -
grow th  mechanism i n v o l v i n g  a l t e r n a t i n g  i n t r a m o l e c u l a r  and  i n t e r m o l e c u l a r
s t e p s  ( F i g u r e  1 ) .  T h is  mechanism was p ro p o s e d  by B u t l e r  and Angelo^ to
e x p l a i n  t h e  f o r m a t io n  o f  s o l u b l e ,  and h e n c e  l i n e a r ,  s a t u r a t e d  po ly m ers
from d i a l l y l  q u a t e r n a r y  ammonium s a l t s .
C o n f i rm a t io n  o f  t h e  p ro p o sed  s t r u c t u r e s  f o r  p o ly (d ia l ly la m m o n iu m
brom ide)  and p o ly (d ia l ly ld im e th y Ia m m o n iu m  brom ide)  i n v o l v e d  d e g r a d a t i o n
to  p r o d u c t s  which c o u ld  o n ly  b e  e x p l a in e d  by assum ing  c y c l i c  u n i t s2c o n t a i n i n g  a p i p e r i d i n i u m  r i n g  .  A f t e r  th e  i n i t i a l  i n v e s t i g a t i o n s  by
B u t l e r ,  i t  was soon found  t h a t  sy m m e tr ic a l  1 , 5 -  o r  1 , 6 - d i e n e s  g e n e r a l l y
gave  s o l u b l e  f u l l y  s a t u r a t e d  p o ly m e rs ,  t h e  r e p e a t i n g  u n i t  b e i n g  p ro p o s e d
3-5a s  a  f i v e -  o r  s ix -m em bered  r i n g ,  r e s p e c t i v e l y .  M arvel and  c o -w o rk e r s
p ro p o se d  c y c l i c  s t r u c t u r e s  f o r  t h e  p o lym ers  from  h e p t a - 1 , 6 - d i e n e  and
r e l a t e d  compounds on t h e  b a s i s  t h a t  p a r t i a l  d e h y d r o g e n a t io n  o f  t h e  p o ly m e rs
gave  p r o d u c t s  whose i n f r a r e d  and u l t r a v i o l e t  s p e c t r a  w ere  c h a r a c t e r i s t i c
o f  m e t a - s u b s t i t u t e d  a r o m a t ic  r i n g s .
The p o s s i b i l i t y  t h a t  some d e g re e  o f  c y c l i s a t i o n  h ad  o c c u r r e d  d u r i n g
6-13t h e  p o l y m e r i s a t i o n  o f  n o n - c o n ju g a te d  d ie n e s  was r e p o r t e d  b e f o r e  t h e
work o f  B u t l e r ,  how ever,  t h e  exam ples d i d  n o t  i n c l u d e  any  1 , 6 - d i e n e s .g
W a l l in g  commented t h a t  t h e  g e l  p o i n t s  o f  some d i e n e  p o l y m e r i s a t i o n s  
o c c u r r e d  l a t e r  th a n  th o s e  p r e d i c t e d  b e c a u s e  t h e  c a l c u l a t i o n  f a i l e d  to  
i n c l u d e  f a c t o r s  a c c o u n t in g  f o r  o c c a s i o n a l  c y c l i s a t i o n .  S im pson, H o l t  and
Z e t i e  fo u n d  4Qffo c y c l i s a t i o n  i n  t h e  p o l y m e r i s a t i o n  o f  d i a l l y l p h t h a l a t e
8 10w hich a g re e d  w i th  t h e  s t a t i s t i c a l  c a l c u l a t i o n s  o f  Haward . Owia and  O go ta
l a t e r  found  t h a t  p o ly m e r i s a t i o n  o f  d i a l l y l p h t h a l a t e  i n  s o l u t i o n  g av e  80^ 
c y c l i s a t i o n .
S in c e  th e  o r i g i n a l  work on c y c l o p o ly m e r i s a t i o n  t h e  sc o p e  o f  t h e  
r e a c t i o n  h a s  been  e x te n d e d  to  a  w ide v a r i e t y  o f  s y m m e tr ic a l ,  u n s y m m e tr ic a l
and h e t e r o c y c l i c  monomers. These r e a c t i o n s  h a v e  been  sum m arised  i n  s e v e r a l
14 15r e v ie w s .  B u t l e r  i n  t h e  U .S .A . and M atsoyan , U .S .S .R . ,  h a v e  p u b l i s h e d
re v ie w s  d e a l i n g  m a in ly  w i th  c h e m ic a l  and  s t r u c t u r a l  i n v e s t i g a t i o n s  o f
c y c lo p o ly m e rs  up to  1966. A re v ie w  s u r v e y in g  t h e  l i t e r a t u r e  to  1972 h a s
16been  p u b l i s h e d  by C o r f i e l d  and  one  on t h e  k i n e t i c s  and  m echanism  o f
17c y c l o p o ly m e r i s a t i o n  by G ibbs and  B a r to n  •
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s t e p
% t ^ CU2
" ^ r
C32 + / c e 2
R R
X"
/
r e p e t i t i o n  o f  ( l )  and  ( 2 )
CHCH
CH
CIICH
c:
F ig u r e  1
P ro p o sed  me c h a n i sn f o r  t h e c y c lo p o l y m e r i s a t i o n  o f  d i a l l y l  qu a t e r n a r y  
ammonium s a l t s .
i n i t i a t i o n
(1 ) i n t r a m o l e c u l a r  s t e p  A
J k .Z CH CHJ1
( 2 ) monomer
i n t e r m o l e c u l a r
s t e p
X \  / X
Y
(1 )  i n t r a m o l e c u l a r  
s t e p  
B
J * 2  ^ H2Z '  X3H CH
X X
\ x /
( 2 ) monomer
i n t e r m o l e c u l a r
s t e p
CH*  / CHa  . CH.TH YJH '"CH'  I
/CH 
\  //  2 -z /  CH CHi  1N /
r e p e t i t i o n  o f  ( 1 ) and ( 2 ) r e p e t i t i o n  o f  ( l )  and ( 2 )
CH CH, CH\CH,
CH'
F ig u r e  2 .
C y c lo p o ly m e r i s a t io n  o f  1 , 6 - d i e n e s  to  p o ly m ers  c o n t a i n i n g  f i v e -  o r  s i x -
menibered r i n g s .
A lth o u g h  a  s ix -m em bered  r i n g  r e p e a t i n g  u n i t  h a s  been  p ro p o s e d  f o r  th e
1—6 18 19s t r u c t u r e  o f  c y c lo p o ly m e rs  from 1 , 6 - d i e n e s  ’ 1 , two d i f f e r e n t  c y c l i c
s t r u c t u r e s  a r e  p o s s i b l e ;  e i t h e r  a f i v e -  o r  a  s ix -m em bered  r i n g  r e p e a t i n g
20 21u n i t  ( F i g u r e  2 ) .  A rbuzova and S u l ta n o v  * found  t h a t  t h e  p o l y m e r i s a t i o n  
o f  d i v i n y l  a c e t a l s  ( i )  gave  po lym ers  c o n t a i n i n g  b o th  f i v e -  and s i x -  
membered r i n g s ,  ( i l )  and ( i l l )  r e s p e c t i v e l y .
Clip
*CH XJH
M2H
iR
( I )
E
(XI)
( I I I )
P o l y ( v i n y l  a c e t a l s )  (V) a r e  u s u a l l y  p ro d u c e d  by t h e  a c i d - c a t a l y s e d
22c o n d e n s a t io n  o f  p o l y ( v i n y l  a l c o h o l )  (iv) w ith  a ld e h y d e s  « C om ple te  a c e t a l  
f o r m a t io n  d o es  n o t  t a k e  p l a c e  s i n c e  some h y d ro x y l  g ro u p s  become i s o l a t e d  
and h av e  no o p p o r t u n i t y  to  form a  c y c l i c  a c e t a l .  C a l c u l a t i o n s  show t h a t  
13*5fo o f  t h e  t o t a l  h y d ro x y l  g ro u p s  s h o u ld  rem a in  u n r e a c t e d .  However p o ly (  
v i n y l  a c e t a l s )  p r e p a r e d  by c y c l o p o ly m e r i s a t i o n  o f  d i v i n y l  a c e t a l s  g av e  
co m p le te  a c e t a l s  c o n t a i n i n g  no p e n d a n t  u n r e a c t e d  g ro u p s  2 0 ,2 1 ,2 3 -3 2 ^
-CH2 . CH-CH2 • CH-CH2 . CH-CH2 . CH-CH2 . CH- R‘^ —--------- ►
OH OH OH OH OH
(IV )
-CH CH0 . CH-CH,
0 0 OH 0 0
R
(V)
A d i r e c t  d e t e r m i n a t i o n  o f  t h e  d i s t r i b u t i o n  o f  f i v e — and  s i x —membered 
c y c l i c  -u n i t s  i n  p o l y ( v i n y l  a c e t a l s )  p r e p a r e d  by  c y c l o p o l y m e r i s a t i o n  can  
be e f f e c t e d  by  h y d r o l y s i s  o f  t h e  c y c lo p o ly m e r  f o l lo w e d  by a n a l y s i s  o f  t h e  
d e r i v e d  p o l y ( v i n y l  a l c o h o l )  f o r  1 , 2 -  and  1, 3—g l y c o l  c o n t e n t .  The p e r c e n t a g e
o f  1 , 2 - d i o l  u n i t s  i n  p o l y ( v i n y l  a l c o h o l )  can be d e te rm in e d  from  t h e
3 3  3 4consum ption  o f  p e r i o d a t e  o r  by v i s c o m e t r i c  m ethods f o l l o w i n g  c l e a v a g e .
S in c e  1 , 2 - g l y c o l s  a r e  d e r i v e d  from f iv e -m em b e re d  r i n g s  and 1 , 3 - g l y c o l s
from  s ix -m em bered  r i n g s  t h e  a n a l y s i s  g i v e s  t h e  f i v e -  and  s ix -m em b ered
c y c l i c  u n i t s  i n  t h e  c y c lo p o ly m e r  d i r e c t l y  ( F i g u r e  3)*
23-32M atsoyan  and c o -w o rk e r s  u s e d  t h i s  t e c h n iq u e  to  d e t e r m in e  t h e
f i v e -  and  s ix -m em bered  c y c l i c  u n i t s  i n  a  s e r i e s  o f  p o i y ( v i n y l  a c e t a l s ) .  
K ik u k a w a ^ ” ^  d e te rm in e d  t h e  1 , 2 - g l y c o l  c o n t e n t  i n  p o l y ( v i n y l  a l c o h o l )  
d e r i v e d  from  d i v i n y l  c a r b o n a t e  ( V I) and  d i v i n y l  e s t e r s  o f  d i b a s i c  a c i d s  
( v i l )  from  t h e  p e r i o d a t e  con su m p tio n .
CH CH
‘C'I!0
CH CH
2% .CH
0-C-(CH2 )n_ 2- C - °
n = 2 -1 0
(V I) (V I I )
-CHCH .ch2~ ch2.
Ov yO
•CH,
R
h yd ro lysis
✓v- CH CH- CH -  CH- CH 0-  CH-CH -  CH- CH -  CH- CII- CH-CH -  CH- CH-CH 0----- y v /2 I 2 | 2 ! 2 , , | 2 2 I I 2
OH Oil OH OH OH OH OH OH
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+ 10 .
I 0~  +  H A s O ^ " 2-I 0 „  +  H A s O ,  +  H _ 0j  4  c .
Fiflure 3
C .Reaction scheme fo r  the determ ination o f the 1 ,2 -g ly c o l content and hence
5-raembered ring content in  p o ly (v in y l a c e ta ls ) .
D iv in y l  c a r b o n a te  ( v i ) ,  a 1 , 6 - d i e n e ,  c o u ld  g iv e  e i t h e r  f i v e -  ( V I I l )  
o r  s ix -m em bered  r i n g s  (ix) on c y c l o p o ly m e r i s a t i o n .
CIW  CH2%
CH CH
0>
(V I) ( v i i i )
■CH,
\
0.. 0
rCH
\
/
(ix)
.36Kikukawa"'"' found  v a l u e s  r a n g in g  from  6 - 2 ^  o f  f iv e -m em b er  ed r i n g s  
d e p e n d a n t  on p o l y m e r i s a t i o n  t im e .
An i n d i r e c t  method o f  i n v e s t i g a t i o n  o f  r i n g  s i z e  i n  c y c lo p o ly m e rs  
i s  by t h e  f r e e  r a d i c a l  a d d i t i o n  o f  v a r i o u s  addenda  to  t h e  1 , 6 - d i e n e  
monomer. However c o r r e l a t i o n  o f  t h e s e  t e l o m e r i s a t i o n  r e a c t i o n s  w i th  t h e  
p r e c i s e  s t r u c t u r e  o f  t h e  c y c lo p o ly m e rs  i s  f a r  from  s a t i s f a c t o r y .  The 
a s s u m p tio n  i s  made t h a t  t h e  r i n g  s i z e  i n  c y c l i c  monomeric p r o d u c t s  
( t e l o m e r s )  i s  t h e  same a s  i n  t h e  c y c l o p o ly m e r i s a t i o n  o f  t h e  monomer, t h i s  
may n o t  a lw ays  be t h e  c a s e .70 *ZQF r i e d l a n d e r  * r e p o r t e d  th e  e x c l u s i v e  f o r m a t io n  o f  s ix -m em bered  
c y c l i c  monomeric p r o d u c t s  ( x i )  i n  th e  f r e e  r a d i c a l  a d d i t i o n  o f  v a r i o u s  
addenda to  1 , 6 - d i e n e s  (x). T h is  work was i n  a g ree m en t  w i th  t h e  f i n d i n g s  
o f  B u t l e r  and M arvel w here s o l u b l e  p o lym ers  w ere  fo u n d  f rom  1 , 6 -  
d ie n e s  and from  th e  e v id e n c e  s ix -m em bered  r i n g s  p o s t u l a t e d  a s  t h e  
r e p e a t i n g  u n i t .
BrCCl,
ABIN
0
( X )
Br-
(XI)
As a  r e s u l t  o f  F r i e d l a n d e r s  work, t h e  s t r u c t u r e s  o f  m ost new
c y c lo p o ly m e rs  from  1 , 6 - d i e n e s  w ere g iv e n  s ix -m em bered  r i n g  s t r u c t u r e s .  In
many c a s e s  no p r o o f  o f  s t r u c t u r e  was g iv e n  o r  o t h e r  r i n g  s i z e  c o n s i d e r e d .
40However, when Lamb, A yers  and Toney o b s e rv e d  p r e d o m in a n t ly  f i v e -  
membered r i n g s  i n  t h e  th e rm a l  d e c o m p o s i t io n  o f  6 - h e p te n o y i  p e r o x id e  (xil) 
i n  t o l u e n e  th e  q u e s t i o n  o f  r i n g  s i z e  i n  r a d i c a l  a d d i t i o n  r e a c t i o n s  was 
r e c o n s i d e r e d .
(ch2=ch-(ch2)4- c o-o ) 2
( x i i ) 2.
S e v e r a l  w o rk e rs  th e n  d i s c o v e r e d  t h a t  i n  f r e e  r a d i c a l  c y c l i s a t i o n s  w here  
six -m em bered  r i n g s  w ere e x p e c te d  m i x tu r e s  o f  f i v e -  and  s ix -m em b ered  r i n g s  
o r  e x c l u s i v e l y  f ive -m em bered  r i n g  f o r m a t io n  o c c u r r e d .A A
B race  found  t h a t  i n  c y c l i s a t i o n s  o f  1 , 6 - h e p t a d i e n e  ( x i l l )  w i th  
p e r f l u o r o a l k y l  h a l i d e s  r e s u l t s  w ere  o b ta in e d  w hich c o n t r a d i c t e d  
F r i e d l a n d e r * s  e a r l i e r  work (X IV).
( X I I I )
< w
ABIN
I-C H ^ —i r-C H 0 .C ,F ,^ j
c i s  and  t r a n s
(xiv)
+ s t r a i g h t  c h a i n  a d d u c t s .  
42B race  th e n  e x te n d e d  h i s  work to  i n c l u d e  d i a l l y l  e t h e r '17*' (XV) w here  h e  
a g a in  found  t h a t  o n ly  f i v e  membered r i n g s  w ere fo rm ed  (X V I). He s u g g e s t e d  
t h a t  t h e  d r i v i n g  f o r c e  o f  t h e  r e a c t i o n  was t h e  s t a b i l i t y  o f  t h e  f i n a l  
p r o d u c t  w here  t h e  CH^-I bond i n  a f i v e —membered r i n g  i s  33 k j  mol""”' more 
s t a b l e  th a n  CH-I i n  a s ix -m em bered  r i n g .  S i m i l a r l y  s t u d i e d  w ere  1 , 6 -  
h e p t a d i e n e  (XVII) w i th  b ro m o t r ic h lo ro m e th a n e ,  c a rb o n  t e t r a c h l o r i d e  and 
c h l o r o f o r m ^ ;  e t h y l  d i a H v i a c e t a t e ^  (X V III)  w i th  p e r f l u o r o a l k y l  h a l i d e s  o r  
ca rb o n  t e t r a c h l o r i d e  and d i a l !  cyanam ide (XIX) w i th  p e r f l u o r o a l k y l  
i o d i d e s .  I n  each  c a s e  p r e d o m in a n t ly  f iv e -m em b e re d  r i n g  p r o d u c t s  w ere  fo rm ed , 
(XX), (XXI) and (xxil) r e s p e c t i v e l y .
A s o ^ ' ^  i n v e s t i g a t e d  t h e  c y c l i s a t i o n  o f  d i a l l y l  e t h e r  and d i v i n y l
4-8fo rm a l  ( X X II I ) o b s e r v in g  f iv e -m em b ered  r i n g s  (XXIV). K u i v i l a  was t h e  
f i r s t  to  r e p o r t  t h e  u s e  o f  o r g a n o t i n  h y d r i d e s  a s  a  method to  e f f e c t  f r e e  
r a d i c a l  c y c l i s a t i o n .  The r e d u c t i o n  o f  3 -c h lo ro b u ty ro p h e n o n e  (XXV) g av e  
a  f iv e -m em b ered  r i n g  p r o d u c t ,  2 - p h e n y l t e t r a h y d r o f  u r a n  ( XXVI)•
C6H5-C0-CH2-CH2-CK2-C1 C4H9 ^  3SnH
(xxv) 
(xxvi)
49W a ll in g  and c o -w o rk e r s  a l s o  u s e d  t r i - n —b u t y l  t i n  h y d r i d e  a s  a  means 
o f  p ro d u c in g  r a d i c a l s  ( X XVIII) from  6—bromo—1-b e x e n e  (XXVII) and o t h e r  
a l k e n y l  h a l id e s *
■Br
( x x v i i ) (X XV III)
They fo u n d  t h a t  f iv e -m em b ered  r i n g  c l o s u r e  was t h e  p r e f e r r e d  r e a c t i o n  even  
i n  t h e  c a s e  o f  d - , u n s a t u r a t e d  e s t e r s  w here  t h e  s ix -m em bered  r i n g  w ould  
be  f a v o u re d  by t h e  f o r m a t io n  o f  a  h i g h l y  r e s o n a n c e —s t a b i l i z e d  r a d i c a l  
( T a b le  1 ) .
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Table 1
4gRing c lo su res o f alkenyl h a lid es  by tr ib u ty l t in  hydride
Halide Products ($
6-Bromo-1 -hexene
2-Brom oethylallyl ether
6-Bromo—6—meth.yl-1-heptene
2-Bromoethyl crotonate
Bi(2-bronioethyl) maleate
1-hexene (? ) ,  m ethylcyclopentane (7 8 ),  
cyclohexane ( trace)
e th y la l ly l  ether ( 4 ) , 3-m ethyltetrahydrofuran
(84)
6-neth yl-1-h ep ten e (3 5 ), 1 ,1 ,3 -tr im eth y l-  
cyclopentane (4 7 ), 1 ,1-d inethylcyclohexane (0 .6 )  
eth y l crotonate (3 5 ), e th y l-  ^  -butyro- 
lacton e  (1 3 )
c^-carboxynethyX- ^ -b u tyro lacton e ( - )
Mercaptans and other thio-compounds have been ex ten siv e ly  used as
50 51free  rad ica l addenda to double bonds • De-W itte and Goethals used butyl
oercaptan in  cyc lo te lom erisa tion  rea ctio n s with a l ly l  ethenesulphonate
(XXIX) fin d in g  only five-membered su lton es (XXX) and sulphonium s a lt s
(XXXI). P reviously  in  the cyclopolym erisation  o f  a l l y l  ethenesulphonate
52-54and a l l y l  a lly lsu lp h o n a te  they proposed only six-membered r in gs
d esp ite  the p o s s ib i l i t y  o f f iv e -  and seven-membered r in gs being formed 
r e sp e c tiv e ly .
R* + C4HgS H ------------^  RH + C4H9S-
w
C4Hg S-CH2-PH
SO
-CH.
so~<2
-4^ .
O' (xxx)
(xxix)
■CH,
CH3 (XXXI)
Thus from the te lom erisation  s tu d ie s  o f  1 ,6 -d ien es i t  may "be concluded
that the repeating u n its  in  cyclopolymers probably contain  at le a s t  some,
i f  they are not a l l  five-membered rings* However, i t  remains to be proved
that cyclo te lom erisa tion  and cyclopolym erisation  reaction s o f  non-conjugated
d ienes are re la ted . I t  would be d es ira b le  th erefore to study further the
cyclo te lom erisa tion  o f  d ienes which can be cyclopolym er!sod to polymers
in  which the rin g  s iz e  o f the c y c lic  u n its  can be determined d ir e c t ly .
In Part 1 o f th is  th e s is  a study o f  the stru ctu re and polym erisation
o f N,N’-d iv in y lu rea s i s  described. This work was carried  out to try  and
understand why these compounds ( 1 ,6 -d ien es) fa i le d  to cyclopolym erise and
55only produced cro ss-lin k ed  polymers .
Part 2 describes one approach toward a method which would enable a
comparative study o f cyc lo te lo m erisa tio n  and cyclopolym erisation  reaction s
31to be carried  out. The work i l lu s t r a t e s  how P n.m .r. can be used to 
determine d ir e c t ly  the ring  s iz e  in  telom ers and cyclopolymers from cer ta in  
phosphorus contain ing 1 ,6 -d ien es .
RESULTS AED DISCUSSION
PART 1
The S yn th esis, Polym erisation and Structural 
In v e stig a tio n  o f LT, IT * -d iv in y lu rea s
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CHAPTER 1
Monomer S y n th e s i s  and H o m o p o ly m erisa tio n .
1.1 I n t r o d u c t i o n .
N,N - d i v i n y l u r e a s  ( 1 • I ) a r e  exam ples  o f  1 , 6 - d i e n e s  and a s  such  m ig h t 
be e x p e c te d  to  y i e l d  l i n e a r  po ly m ers  by th e  c y c l o p o l y m e r i s a t i o n  mechanism, 
u n d e r  s u i t a b l e  c o n d i t i o n s .  By a n a lo g y  w i th  1 , 6 - d i e n e s ,  t h e  c y c lo p o ly m e rs  
would be e x p e c te d  to  c o n t a in  r e p e a t i n g  u n i t s  c o n s i s t i n g  o f  s ix -m em bered  
c y c l i c  u r e a s  ( l . I l ) ,  f ive -m em bered  c y c l i c  u r e a s  ( l . I I l )  o r  a  m ix tu r e  o f  
b o th .
CH = CH-H-CO-N-CH=CH2
( 1 . 1 )
/ CH
CH
N-Rr-:
( 1 - I I )
n
2 \ . CH2 >
\
H-N N-R \  /C
I I0 / m
( 1 . 1x1 )
W ith such  r e p e a t i n g  u n i t s ,  t h e  p o ly m ers  would be f u l l y  s a t u r a t e d ,  s o l u b l e
and f u s i b l e ;  t y p i c a l  p r o p e r t i e s  o f  c y c lo p o ly m e rs .
!However, t h e  r e s u l t s  r e p o r t e d  f o r  N,N - d i v i n y l u r e a  p o l y m e r i s a t i o n s
i n d i c a t e  t h a t  s o l u b l e  p o ly m ers  a r e  n o t  r e a d i l y  fo rm ed . O v e r b e r g e r  and
56 _ *I s h i d a  r e p o r t e d  t h a t  f r e e - r a d i c a l  i n i t i a t e d  p o l y m e r i s a t i o n s  o f  H,N -
d i v i n y l u r e a  gave  i n s o l u b l e  p o ly m ers ,  (p re su m a b ly  c r o s s - l i n k o d . ) , b u t  t h a t
t h e i r  i n f r a r e d  .sp o c t r a  in d ic a b o d  a  dom inan t c y c l i c  s t r u c t u r e  w i th  some
p e n d a n t  v i n y l  g ro u p s  ( l . I V ) .
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/ l C H „ — CH— CH
NH
NH
CH=CH
m
(1 . I T )
O v e rb e rg e r ,  Montaudo and I s h i d a  l a t e r  r e p o r t e d  t h a t  a c i d - c a t a l y s e d
» 5 7p o l y m e r i s a t i o n  o f  N,N - d i v i n y l u r e a  gave  a  s o l u b l e  po ly m er  , w hich  r e v e r t e d
to  an i n s o l u b l e  po lym er on s t a n d i n g  o v e r n i g h t .  However t h i s  t im e  th e
»s t r u c t u r e  th e y  p ro p o se d  f o r  t h e  p o ly m ers  s u g g e s te d  t h a t  K,N —d i v i n y l u r e a  
(1 .V )  r e a c t e d  v i a  i t s  t a u to m e r i c  form  ( l . V l )  l e a d i n g  to  r e p e a t i n g  u n i t s  
c o n t a i n i n g  r e s i d u a l  d o u b le  bonds ( l . V I l )  r a t h e r  th a n  s t r u c t u r e s  ( l . V I I l )  
o r  ( 1 . I I ,  R=H).
c h 2= c h - h h - c o - n h - c h = c h 2 CH =CH—KH-CO-N=CH-CH„2 j
/  \  
-C H — HH— CO— N----------
( 1 .V I )
CH„ CH=CH5 2
\  /  
( 1 . V I I )
58
n
CH CH.
HH
\ ( 1 . V I I I )
59
n
C a i rn s  , S c h u s t e r  and G a sse n m e ie r^ ‘/ r e p o r t e d  p o l y m e r i s a t i o n s  o f
1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 -d iv in y lh e x a h y d r o p y r im id ~ 2 - o n e  a s
g i v i n g  c r o s s - l i n k e d  p o ly m e rs ,  b u t  s i n c e  t h e s e  monomers w ere i n v e s t i g a t e d
b e f o r e  t h e  d i s c o v e r y  o f  th e  c y c l o p o ly m e r i s a t i o n  mechanism, c y c l i c  u n i t s
w ere n o t  e x p e c te d  n o r  Tfere t h e  p o ly m ers  exam ined  f o r  such  u n i t s .
55Crawshaw and Jo n e s  r e - i n v e s t i g a t e d  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 
1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  w i th  p a r t i c u l a r  r e s p e c t  to  t h e  p o t e n t i a l
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o f  t h e s e  monomers to  g iv e  c y c lo p o ly m e rs .  U s in g  a  v a r i e t y  o f  i n i t i a t o r s  
and c o n d i t i o n s  f a v o u r in g  c y c l o p o ly m e r i s a t i o n  th e y  a g a in  found  t h a t  o n ly  
c r o s s - l i n k e d  po ly m ers  w ere p ro d u c e d .
I n  an a t t e m p t  to  o f f e r  some e x p l a n a t i o n  f o r  th e  n o n - c y c l o p o l y m e r i s a t i o n
1 1 55o f  N,M - d i s u b s t i t u t e d - N , N  - d i v i n y l u r e a s ,  Crawshaw and J o n e s  p ro p o s e d
f o r  t h e i r  s t r u c t u r e  a c o p l a n a r  s i t u a t i o n  p ro d u ced  by c o n j u g a t i o n  o f  t h e
lo n e  p a i r  e l e c t r o n s  on t h e  n i t r o g e n  atom s w ith  t h e  c a r b o n y l  and  v i n y l
d o u b le  b onds ,  ( F ig u r e  1.1)♦
Such a p l a n a r  a r ra n g e m e n t  would te n d  to  f a v o u r  i n t e r m o l o c u l a r
p r o p a g a t io n  and th e  c r o s s - l i n k e d  p o ly m ers  o b t a in e d  e x p e r i m e n t a l l y ,  r a t h e r
th a n  t h e  c y c l o p o ly m e r i s a t i o n  m echanism.
T h is  C h a p te r  d e s c r i b e s  t h e  s y n t h e s i s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e ,
1 . 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e ,  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  and
1 .3 —d i m e t h y l - 1 , 3 - d i v i n y l u r e a ,  w hich h a s  n o t  been  p r e p a r e d  p r e v i o u s l y ,  and
f u r t h e r  p o l y m e r i s a t i o n  s t u d i e s  o f  t h e s e  monomers. These s t u d i e s  c o n f i rm
th e  b e h a v io u r  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 - d iv in y lh e x a h y d r o p y r i m id -
552 -o n e  to  p ro d u c e  c r o s s - l i n k e d  p o ly m ers ,  a s  r e p o r t e d  by Crawshaw and J o n e s  .
However, 1 , 3 - d i p h e n y l - 1> 3 - d i v i n y l u r e a  and 1 , 3 ~ d im e th y l -1 , 3 - d i v i n y l u r e a
d id  n o t  p o ly m e r i s e  a t  a l l  u n d e r  th e  c o n d i t i o n s  s t u d i e d  and  e x p l a n a t i o n s
a r e  o f f e r e d  f o r  t h i s  b e h a v io u r .  The p o l y m e r i s a t i o n  o f  1—e t h y l - 3 - v i n y l -
im i d a z o l i d - 2 - o n e ,  which was s y n t h e s i s e d  to  a s s i s t  i n  t h e  s t r u c t u r a l!i n v e s t i g a t i o n  o f  N,N - d i v i n y l u r e a s ,  i s  a l s o  d e s c r i b e d .
1.2  Synthesis and Polym erisation o f  1 .3 -D iv in y lim id azo lid -2 -on e.
1 , 3 - D i v i n y l im i d a z o l i d - 2 - o n e  was p r e p a r e d  e s s e n t i a l l y  by  t h e  method o f  
55Crawshaw and J o n e s  . The method ch o sen  in v o lv e d  th e  Hofmann d e g r a d a t i o n  
r o u t e  to  t h e  N,N - d i v i n y l u r e a  b e c a u s e  o f  t h e  s u b s t a n t i a l l y  b e t t e r  y i e l d  
o v e r  t h a t  o b t a i n e d  by th e  Cope r e a c t i o n ,  ( C h a r t  A).
I m i d a z o l i d - 2 - o n e  was c o n v e r t e d  i n t o  t h e  d i - s o d iu m  s a l t  u s i n g  sodium  
h y d r id e  i n  N,N -d im e th y l fo rm a m id e ,  and N,U - d i m e t h y l - 2 - c h I o r o e t h y l a m i n e  
was added  g i v i n g  th e  d i - t e r t i a r y  am ine 1 ,3 - b i s ( N ,N  - d im e th y l a m in o e th y l )  
im i d a z o l i d - 2 - o n e  ( A l ) .  The d i - t e r t i a r y  am ine was c o n v e r t e d  w i t h o u t  
p u r i f i c a t i o n  to  t h e  d i - q u a t e r n a r y  ammonium i o d i d e  ( A l l ) .  C o n v e rs io n  o f  
t h i s  i o d i d e  to  t h e  c o r r e s p o n d in g  d i - q u a t e r n a r y  ammonium h y d r o x id e  ( A I I l )  
was e f f e c t e d  u s i n g  s i l v e r  o x id e  i n  w a te r .  C o n c e n t r a t i o n  o f  t h e  s o l u t i o n  on 
a  r o t a r y  e v a p o r a t o r  u n d e r  r e d u c e d  p r e s s u r e  gave  a  brown o i l  w hich  s o l i d i f i e d  
on c o o l in g  and c r y s t a l l i s a t i o n  from l i g h t  p e t ro le u m  gave  a  s o l i d  w h ich  had  
t h e  c o r r e c t  a n a l y s i s  f o r  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  (A IV ).
C o n f i rm a to ry  e v id e n c e  f o r  th e  s t r u c t u r e  was o b t a in e d  from  i n f r a r e d ,  
n . m . r .  and mass s p e c t r o m e t r y .  The i n f r a r e d  and  n . m . r .  s p e c t r a  w ere
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60i d e n t i c a l  w i th  t h e  s p e c t r a  o b t a in e d  by J o n e s  . The mass sp e c tru m  showed 
a  m o le c u la r  i o n  a t  m/e 158 a s  t h e  s t r o n g e s t  ( b a s e )  peak  i n d i c a t i v e  o f  a
s t a b l e  c y c l i c  s t r u c t u r e .  The f r a g m e n ta t i o n  p a t t e r n  i s  c o n s i s t e n t  w i th  t h e
+ +s t r u c t u r e ;  112 b e in g  l o s s  o f  C2^2 ^  a Mc^ a ^ e r 'fcy r e - a r r a n g e m e n t ;  111
4.t h e  l o s s  o f  CH^-CH-; 110 l o s s  o f  CO from th e  r i n g .  The l a t t e r  f r a g m e n t a t i o n  
can be u s e d  to  v e r i f y  th e  m o le c u la r  io n  by t h e  o b s e r v a t i o n  o f  a  m e t a s t a b l e  
i o n  a t  m/e 8 7 . 7> u s in g  t h e  r e l a t i o n s h i p ;
2 2 ( f r a g m e n t  i o n )  , , , ,  . 110 or,= m e t a s t a b l e  xon__________  = 87*68
p a r e n t  io n  1 58
The p o l y m e r i s a t i o n  o f  1 , 5 - d i v i n y l i m i d a z o l i d - 2 - o n e  was a c h i e v e d  u s i n g  
v a r i o u s  i n i t i a t i o n  t e c h n iq u e s ,  t h e  r e s u l t s  and c o n d i t i o n s  b e in g  sum m arised  
i n  T a b le  1 , 1 ,  The po ly m ers  w ere  i s o l a t e d  e i t h e r  d i r e c t l y  from  t h e  p o ly ­
m e r i s a t i o n  r e a c t i o n ,  i f  t h e i r  i n s o l u b i l i t y  ca u se d  sp o n ta n e o u s  p r e c i p i t a t i o n ,  
o r  by d ro p w is e  a d d i t i o n  i n t o  v i g o r o u s l y  s t i r r e d  e t h e r  o r  l i g h t  p e t ro l e u m .
T a b le  1 .1 .
P o ly m e r i s a t i o n  o f  1 , 5 - d i v i n y l i m i d a z o l i d - 2 - o n e .
Wt o f  
monomer 
g
S o lv e n t  
(fo w/w)
I n i t i a t o r
mol %
Time
h
T em p era tu re
°C
aC o n v e rs io n
%
0 . 5 t o l u e n e  ( 5 ) BF* - 5 - 8 0 31
0 . 5 - DTBP 1.41 3 150 90
0 .5 to l u e n e  (10 ) BF30 E t2 2 2 .6 5 -5 0 62
0 . 5 b enzene  (2 0 ) ABINd 2 .0 3 70 47
0 . 5 b en ze n e  (2 0 ) DBPe 2 .0 3 70 —
a e s t i m a t e d  g r a v i m e t r i c a l l y
10 ml o f  BF^ g a s  i n j e c t e d  i n t o  sam ple
d i - t e r t .  b u t y l  p e r o x id e
azo b i  s i  so b u ty r o n i  t r i 1 e
0 d ib e n z o y l  p e r o x id e
The p o ly m ers  i s o l a t e d  from a l l  p o l y m e r i s a t i o n s  w ere i n s o l u b l e  i n  a
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wide v a r i e t y  o f  s o l v e n t s ,  i n f u s i b l e  and h e n c e  c r o s s - l i n k e d .  The i n f r a r e d
s p e c t r a  o f  p o l y ( 1 , 3 - J i v i n y l i m i d a z o l i d - 2 - o n e )  showed r e s i d u a l  u n s a t u r a t i o n ,
60t h e  s p e c t r a  b e in g  a lm o s t  i d e n t i c a l  to  th o s e  o f  J o n e s  . These  r e s u l t s  a r e
58 59m  ag ree m en t w i th  t h o s e  found  by o t h e r  w o rk e rs  * who r e p o r t e d  i n s o l u b l e
c r o s s - l i n k e d  p o ly m e rs .
V a r io u s  a t t e m p t s  w ere made to  p o ly m e r i s e  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e
u s in g  a c i d - c a t a l y s e d  i n i t i a t i o n ,  a  s i m i l a r  p ro c e d u re  to  t h a t  o f  O v e rb e rg e r ,
57Montaudo and I s l i i d a  • On a d d i t i o n  o f  a  c a t a l y t i c  amount o f  c o n c e n t r a t e d
s u l p h u r i c  a c i d  to  a s o l u t i o n  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 ~ o n e  i n  a c e to n e  an
im m ed ia te  p r e c i p i t a t i o n  o c c u r r e d  and a s t r o n g  s m e l l  o f  a c e t a l d e h y d e  came
from t h e  mouth o f  t h e  p y re x  tu b e .  The p r e c i p i t a t e  had  an  i n f r a r e d  s p e c t ru m
d i f f e r e n t  to  1 , 3 - d iv i n y l i m i d a z o I i d - 2 - o n e  b u t  a lm o s t  i d e n t i c a l  to  t h a t  o f
i m i d a z o l i d - 2 - o n e .  C o n t r o l l e d  h y d r o l y s i s  o f  1 , 3 - d i v i n y l i m i d a z o l i d —2 -o n e
gave  a c e t a l d e h y d e  ( c h a r a c t e r i s e d  a s  a c e ta ld e h y d e  2 , 4 - d i n i t r o p h e n y l h y d r a -
zone) and im id a z o l i d - 2 - o n e .  From th e s e  and  l a t e r  r e s u l t s  ( C h a p te r  4 ) i t
would seem u n l i k e l y  t h a t  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  c o u ld  be  p o ly m e r i s e d
u s i n g  a c i d - c a t a l y s e d  i n i t i a t i o n  a s  h y d r o l y s i s  to  t h e  c o r r e s p o n d in g  u r e a
and a c e t a l d e h y d e  w ould be a  m a jo r  com peting  r e a c t i o n .  I n  v iew  o f  t h i s ,  i t
57i s  d i f f i c u l t  to  a p p r e c i a t e  how O v e rb e rg e r  e t . a l  can  p ro p o s e  t h a t  a c i d -
c a t a l y s i s  p ro d u c e s  l i n e a r ,  s o l u b l e ,  po ly m ers  f o r  s e v e r a l  N - v i n y l u r e a s •
61H a r t  , r e p o r t e d  t h a t  m o i s tu r e  i n  t h e  a tm o sp h e re  was s u f f i c i e n t  to  
h y d r o ly s e  N - i s o p r o p e n y lu r e a  to  a c e to n e  and u r e a '
These p o l y m e r i s a t i o n s  r e p r e s e n t  a w id e r  v a r i e t y  o f  a t t e m p t s  to  o b t a i n
s o l u b l e  p o ly m ers  w i th  a  r e p e a t i n g  u n i t  c o n t a i n i n g  a  b i c y c l i c  r i n g  ( e . g .
\ 551 . I X ) .  They a l s o  c o n f i rm  th e  r e s u l t s  o f  Crawshaw and J o n e s  i n d i c a t i n g
th e  f a i l u r e  o f  t h i s  monomer to  c y c lo p o ly m e r i s e .
\
n
( 1 . IX )
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1 .5  S y n th e s i s  and P o l y m e r i s a t i o n  o f  1 , 5 -D iv in y Ih e x a h y d ro p y r im id -2 -o n e .
1, > - D iv in y lh exahyd .ropyrim xd-2 -one  was p r e p a r e d  u s i n g  an i d e n t i c a l
seq u en ce  o f  r e a c t i o n s  to  t h o s e  u se d  f o r  1 , 5 ~ d i v i n y l i m i d a z o l i d - 2 - o n e ,  a g a i n
55e s s e n t i a l l y  by t h e  s y n t h e t i c  r o u t e  d e v e lo p e d  by  Crawshaw and Jo n e s
( C h a r t  B).
2 -K e to h e x a h y d ro p y r im id in e  (B l)  was p r e p a r e d  from 1 , 3 -d ia m in o p ro p a n e  
62and u r e a ,  and c o n v e r te d  u s i n g  sodium h y d r id e  i n t o  t h e  d i - a n i o n  w hich 
i n  t u r n  was c o n v e r t e d  i n t o  1, > -b i s (N ,N -d im e th y la m in o e th y l )  hexahydropyrim - 
i d - 2 - o n e  ( B I l )  by r e a c t i o n  w i th  R ,N - d i m e th y l - 2 - c h lo r o e t h y la m in e .  The 
d i - t e r t i a r y  am ine was c o n v e r t e d  w i th o u t  p u r i f i c a t i o n  i n t o  a  s o l i d  d i -  
m e th io d id e  ( B i l l ) *  R e a c t io n  o f  t h i s  d i - q u a t e r n a r y  ammonium i o d i d e  w i th  
s i l v e r  o x id e  i n  aqueous  m e th an o l gave  th e  c o r r e s p o n d in g  d i - q u a t e r n a r y  
ammonium h y d ro x id e  (BIV) a s  a  v i s c o u s  sy ru p  a f t e r  rem ova l o f  w a te r  and 
m e th an o l u n d e r  re d u c e d  p r e s s u r e .  F u r t h e r  c o n c e n t r a t i o n  o f  t h e  h y d r o x id e  
u n d e r  r e d u c e d  p r e s s u r e  a f f o r d e d  a brown o i l  w hich c r y s t a l l i s e d  from  l i g h t  
p e t ro le u m  a s  a s o l i d  w i th  t h e  c o r r e c t  a n a l y s i s  f o r  1 , 3 - d iv i n y lh e x a h y d r o -  
p y r im id - 2 - o n e  ( BY)*
The s t r u c t u r e  was c o n f i rm e d  u s i n g  e v id e n c e  o b t a i n e d  from  i n f r a r e d  
n . m . r .  and mass s p e c t r o m e t r y .  The i n f r a r e d  and n . m . r .  s p e c t r a  w ere 
i d e n t i c a l  w i th  t h e  s p e c t r a  o b t a i n e d  by J o n e s  , The mass s p e c t ru m  showed 
a m o le c u la r  i o n  m/e 152 a s  t h e  b a s e  p eak ,  i n d i c a t i v e  o f  a  s t a b l e  c y c l i c  
s t r u c t u r e .  The f r a g m e n ta t io n  p a t t e r n  i s  c o n s i s t e n t  w i th  t h e  s t r u c t u r e :  
126+ b e in g  l o s s  o f  C H by a  M c L a f fe r ty  r e - a r r a n g e m e n t ;  125+ l o s s  o f
85 , t h e  second  most a b u n d a n t  peak  i n  t h e  sp e c tru m , c o r r e s p o n d s  
to  l o s s  o f  CO-N-CH=CH2 .
P o ly m e r i s a t i o n  o f  1 , 3 -* d iv in y lh e x a h y d ro p y r im id -2 -o n e  was a c c o m p l i s h e d  
u s i n g  a  v a r i e t y  o f  i n i t i a t o r s  b o th  f r e e  r a d i c a l  and c a t i o n i c ,  t h e  r e s u l t s  
and c o n d i t i o n s  b e in g  sum m arised  i n  T a b le  1 •2 .  The p o ly m ers  w ere  i s o l a t e d  
e i t h e r  d i r e c t l y  from  th e  p o ly m e r i s a t i o n  r e a c t i o n  o r  by d ro p w is e  a d d i t i o n  
i n t o  v i g o r o u s l y  s t i r r e d  e t h e r  o r  l i g h t  p e t ro le u m .
Table 1.2.
P o ly m e r i s a t i o n  o f  1 . 3 -d iv in y lh Q x a h y d ro p y r im id -2 -o n e .
Wt o f  
monomer 
6
S o lv e n t
( *  7 * )
I n i t i a t o r
mol $
Time
h
T e m p era tu re
°C
aC o n v e rs io n
1°
0 . 5 t o l u e n e  (5 ) BF bJ - 5 - 8 0 26
0 . 5 - DTBPC 1 .5 4 3 130 72
0 . 5 t o l u e n e  (1 0 ) BF^OEt 3 2 2 4 .6 5 -5 0 53
0 . 5 b en ze n e  (2 0 ) ABINd 2 .0 3 70 39
0 . 5 b en ze n e  (2 0 ) DBP° 2 .0 3 70
a  e s t i m a t e d  g r a v i m e t r i c a l l y  
b .10 ml o f  BF^ g a s  i n j e c t e d  i n t o  sam ple
Q d i - t e r t .  b u t y l  p e r o x id e  
a z o b i s i s o b u t y r o n i t r i l e
0 d ib e n z o y l  p e r o x id e
As w i th  t h e  p o lym ers  o b t a in e d  from  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e ,  t h e
p r o d u c t s  w ere  i n s o l u b l e  i n  a  v a r i e t y  o f  s o l v e n t s ,  i n f u s i b l e  up  to  360°
and c o n t a in e d  r e s i d u a l  u n s a t u r a t i o n ,  e v i d e n t  from  th e  i n f r a r e d  s p e c t ru m .
55T hese  f i n d i n g s  a g r e e  w i th  t h o s e  r e p o r t e d  p r e v i o u s l y  , i . e .  r a d i c a l  
p o l y m e r i s a t i o n  o f  1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  y i e l d s  c r o s s - l i n k e d  
p o ly m ers  w i th  no i n d i c a t i o n  o f  a  b i c y c l i c  r e p e a t i n g  u n i t  ( e . g .  1*x)*
/ CH
(1.x)
A gain , a d d i t i o n  o f  c a t a l y t i c  am ounts o f  c o n c e n t r a t e d  s u l p h u r i c  a c i d  
ca u se d  h y d r o l y s i s  to  2 - k e to h e x a h y d ro p y r im id in e  and a c e t a l d e h y d e ,  r a t h e r  
th a n  p o l y m e r i s a t i o n .  The monomer i s  s u f f i c i e n t l y  s e n s i t i v e  to  a c i d i c  
c o n d i t i o n s  to  be  h y d r o ly s e d  by N/1Q0 h y d r o c h l o r i c  ac id*
-  16 -
1 .4  S y n t h e s i s  and A tte m p ted  P o l y m e r i s a t i o n  o f  1 , 5 - D ip h e n y l - 1 . 3 - d i v i n y l u r e a
1 , 3 -D ip h e n y l - 1 , 3 - d i v i n y l u r e a  was s y n t h e s i s e d  u s i n g  t h e  seq u e n c e  o f
55 / \r e a c t i o n s  d e v e lo p e d  by Crawshaw and J o n e s  ( C h a r t  C).
The d i - s o d iu m  s a l t  o f  1 , 3 - d ip h e n y l u r e a  was p r e p a r e d  from
sodium h y d r id e  and 1 , 3 - d ip h e n y l u r e a  i n  an h y d ro u s  N,N—d im e th y l fo rm a m id e
and r e a c t e d  w i th  H,N - d im e th y l - 2 - c h lo r o e t h y l a m i n e  to  g iv e  1 , 3 - b i s ( N ,N -
d im e th y l a m in o e th y l ) 1 , 3 - d ip h e n y l u r e a  ( CX)• When th e  r e a c t i o n  m ix tu r e  was
p o u red  i n t o  w a te r  p r i o r  to  e x t r a c t i o n  w i th  c h lo ro fo rm  to  remove th e  d i -
t e r t i a r y  am ine a p r e c i p i t a t e  was p ro d u c e d .  C r y s t a l l i s a t i o n  o f  t h e  p r e c i p i t a t efingave  1 , 3 - d ip h e n y l im id a z o l id - 2 - o n e  (C IA ). J o n e s  p ro p o s e d  t h a t  t h e  d i - a n i o n  
o f  1 , 3 - d ip h e n y l u r e a  ( l . X l )  a t t a c k e d  f t ,N - d i r a e th y l - 2 - c h lo r o e th y la m in e  ( l . X I l )  
w i th  e l i m i n a t i o n  o f  b o th  Cl*" and  (CH ) XT’ ( l . X I I l ) .
H2C CH2
— C. H^- N N-CcHc6 5 X c /  6 5
II  0
( 1 . X I I )  ( 1 . X I I I )
A f t e r  rem o v a l o f  1 , 3 - d ip h e n y l im id a z o l id - 2 - o n e  by f i l t r a t i o n ,  t h e  
aqueous  s o l u t i o n  was e x t r a c t e d  w i th  c h lo ro fo rm  to  remove t h e  d i - t e r t i a r y  
am ine, w hich was c o n v e r te d  i n t o  t h e  d i - m e th i o d id e  ( c i l ) .  The d i - q u a t e r n a r y  
ammonium h y d ro x id e  ( C I I l )  was o b t a i n e d  from  t h e  d i - m e th i o d id o  by r e a c t i o n  
w i th  s i l v e r  o x id e  i n  aqueous  m e th a n o l .  S in c e  t h e  s t a n d a r d  Hofmann p r o c e d u r e  
c a u s e d  d e g r a d a t i o n ,  t h e  d i - q u a t e r n a r y  ammonium h y d ro x id e  was decom posed 
by r e f l u x i n g  f o r  24h i n  c y c lo h e x a n o l .  D u r in g  t h i s  t im e  t r i m e t h y la m i n e  
was c o n t in u o u s ly  e v o lv e d .  Removal o f  c y c lo h e x a n o l  u n d e r  r e d u c e d  p r e s s u r e  
gave  a  s o l i d  which a f t e r  c r y s t a l l i s a t i o n  from  l i g h t  p e t ro le u m  had  t h e  
c o r r e c t  a n a l y s i s  f o r  1 , 3 -d ip h en y X -1 , 3 - d i v i n y l u r e a  (C IV ).
C o n f i rm a to ry  e v id e n c e  f o r  t h e  s t r u c t u r e  was o b t a i n e d  from  i n f r a r e d ,
n . m . r .  and mass s p e c t r o m e t r y .  The i n f r a r e d  and n . m . r .  s p e c t r a  w ere
60i d e n t i c a l  to  t h o s e  o b t a in e d  by J o n e s  • The mass sp e c tru m  showed a  
m o le c u la r  i o n  a t  m/e 264, w i th  a  b a s e  peak  a t  m /e 104. The f r a g m e n t a t i o n  
p a t t e r n  i s  c o n s i s t e n t  w i th  t h e  p ro p o s e d  s t r u c t u r e  f o r  1 , 3 - d i p h e n y l - 1 , 3 -
2- ch2- c i
d i v i n y l u r e a ;  237+ , l o s s  o f  CH=CH2 ; 236+ , l o s s  o f  CH^N? 146+, l o s s  o f  
CH2-CH~K-C0; 118+ , l o s s  o f  CH2=CH-N-C6H6 ; and 77+ , due  to  A
*6H5
m e t a s t a b l e  io n  was o b s e rv e d  a t  m/e 211 which c o n f i rm s  t h e  p a r e n t  i o n  and
th e  i o n  a t  m/e 236.
Many a t t e m p t s  w ere made to  p o ly m e r i s e  1 , 3 - d i p h c n y l - 1, 3 - d i v i n y l u r e a ,
i n  e v e ry  c a s e  no p r o d u c t  was o b t a in e d  on p o u r in g  t h e  r e a c t i o n  m ix tu r e  i n t o
v i g o r o u s l y  s t i r r e d  e t h e r  o r  l i g h t  p e t ro le u m .  These r e s u l t s  a r e  i n
55ag ree m en t w i th  Crawshaw and J o n e s  who a t t e m p te d  to  p o ly m e r i s e  t h e  
monomer u s i n g  b o th  f r e e  r a d i c a l  and a n i o n i c  i n i t i a t o r s .  T ab le  1*3* shows 
th e  r e p r e s e n t a t i v e  c o n d i t i o n s  employed i n  s e v e r a l  p o l y m e r i s a t i o n  a t t e m p t s .  
I n  each  exam ple shown i n  T ab le  1.3* t h e  monomer was r e c o v e r e d  a lm o s t  
q u a n t i t a t i v e l y  from  th e  p o l y m e r i s a t i o n  a t t e m p t s .
T ab le  1 .3
A tte m p ted  p o l y m e r i s a t i o n  o f  1 . 3 - d i p h e n y l - 1 , 3 ~ d i v i n y i u r e a .
Wt. o f  
monomer 
g
Solvent
(* 7 » )
Initiator
mol $
Time
h
Temperature
°C
0 . 5 toluene (5) BF^a - 5 -8 0
0 .5 - DTBPb 3 .0 3 130
0 .5 toluene (5 ) BF OEt 3 2 1 4 .9 4 - 5 0
0 .5 - ABIKC 2 . 0 24 70
10 ml o f  BF^ g a s  i n j e c t e d  i n t o  sam ple
Id d i - t e r t .  - b u t y l  p e r o x id eQ azo b i  s i  so bu t y r o n i  t  r i  1 e
The i n a b i l i t y  o f  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  to  p o ly m e r i s e  can  be 
e x p la in e d  by c o n s i d e r i n g  th e  r a d i c a l  fo rm ed  from  t h e  monomer. A d d i t i o n  
o f  a  r a d i c a l  to  1 ,3 —1d i p h e n y l - 1 , 3 - d i v i n y l u r e a  p ro d u c e s  a  h i g h l y  r e s o n a n c e  
s t a b i l i s e d  r a d i c a l ,  ( F i g u r e  1 . 2 ) .  K h a ra sh ,  Kane and Brown p ro p o s e d  t h a t  
t h e  s t a b i l i t y  o f  f r e e  r a d i c a l s  c o u ld  be  e q u a te d  to  d e l o c a l i s a t i o n ,  i . e .  
r e s o n a n c e  s t a b i l i t y  o f  t h e  r a d i c a l s .  Such an e x t e n s i v e  d e l o c a l i s a t i o n
Figure  1«2
R e p r e s e n t a t i o n  o f  a 1 , 5 ~ d ip h e n y l~ 1 , ^ - d i v i n y l u r e a  
r a d i c a l  i n d i c a t i n g ,  o r b i t a l  o v e r l a p .
th ro u g h  t h e  p ro p o se d  c o n ju g a te d  sy s tem  and th e  p h e n y l  r i n g s  s h o u ld  b e  so 
s t a b l e  a s  to  p r e v e n t  p r o p a g a t io n  w i th  f u r t h e r  m o le c u le s  o f  1 , 3 - d i p h e n y l -
1 . 3 - d i v i n y l u r e a .  Some e v id e n c e  to  s u p p o r t  t h i s  e x p l a n a t i o n  i s  c i t e d  l a t e r  
(C h a p te r  2 ) .
1 .3 .  S y n th e s i s  and A tte m p ted  P o ly m e r i s a t i o n  o f  1 93 -D im e th y l -1 , 3 - d i v i n y l u r e a .
1 . 3 -D im e th y l -1 , 3 - d i v i n y l u r e a  was p r e p a r e d  u s i n g  a  s i m i l a r  s eq u en ce  
o f  r e a c t i o n s  to  t h e  o t h e r  N ,N - d iv in y l u r e a s  e x c e p t  t h a t  i n  t h e  f i n a l  s t e p s  
t h e  Cope e l i m i n a t i o n  was u se d  r a t h e r  th a n  t h e  Hofmann d e g r a d a t i o n  ( C h a r t
D).
1 . 3 -D im e th y lu re a  was c o n v e r t e d  i n t o  t h e  c o r r e s p o n d in g  d i - s o d iu m  s a l t  
u s i n g  sodium h y d r id e  i n  N ,N -d im e th y lfo rm am id e .  H , K - d i m e t h y l - 2 - c h l o r o e t h y l -  
am ine was added to  t h e  s o l u t i o n  o f  t h e  s a l t  to  g iv e  t h e  d i - t e r t i a r y  am ine ,
1 . 3 - b i s ( N ,N - d im e th y la m in o e t h y l ) - 1 , 3 - d im e th y l u r e a  ( D l ) .  The n e x t  s t e p  i n  
t h e  s y n t h e t i c  r o u t e  c o u ld  be c o n v e r s io n  o f  th e  d i - t e r t i a r y  am ine to  t h e  
d i - q u a t e r n a r y  ammonium i o d i d e  u s i n g  m e th y l i o d i d e ,  f o l lo w e d  by  c o n v e r s io ntto  t h e  d i - q u a t e r n a r y  ammonium h y d ro x id e  and th e n  to  t h e  N ,N - d i v i n y l u r e a .  
Many a t t e m p t s  w ere made to  c o n v e r t  t h e  d i - q u a t e r n a r y  ammonium h y d r o x id e  
o f  (D l)  i n t o  1 , 3 - d i m e t h y l - 1 ,3 —d i v i n y l u r e a ,  i n  e v e r y  c a s e  w i th  no s u c c e s s .
The m ethods t r i e d  w ere t h e  s t a n d a r d  Hofmann d e g r a d a t i o n  p r o c e d u r e ,  b o th  
w i th  and w i th o u t  a n i t r o g e n  ’b l e e d 1, and d e c o m p o s i t io n  o f  t h e  am ine 
h y d ro x id e  i n  r c f l u x i n g  c y c lo h e x a n o l .  The l a t t e r  method had  b e e n  s u c c e s s f u l  
f o r  t h e  s y n t h e s i s  o f  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  when d i r e c t  d e g r a d a t i o n  
u n d e r  re d u c e d  p r e s s u r e  had  f a i l e d .  The d i - m e t h i o d i d e  o f  1 ,3 - b i s ( N , N -  
d im e th y l a m in o e th y l ) - 1 , 3 - d im e th y lu r e a  ( D l l )  gave  t h e  c o r r e c t  a n a l y s i s  f o r  
t h e  p ro p o s e d  s t r u c t u r e  t h u s  p ro v in g  t h a t  t h e  d i - t e r t i a r y  am ine (D l)  was 
form ed i n  t h e  r e a c t i o n  o f  1 , 3 - d im e th y lu r e a  and  N ,N - d i m e t h y l - 2 - c h l o r o e t h y l -  
am ine.
I n  v iew  o f  t h e  r e p e a t e d  f a i l u r e  o f  t h e  Hofmann d e g r a d a t i o n  r e a c t i o n
to  g iv e  1 , 3 - d i m e t h y l - 1 , 3 - d i v i n y l u r e a  a r o u t e  i n v o l v i n g  t h e  Cope e l i m i n a t i o n
was u s e d .  1 , 3 - B is ( N ,N - d im e th y la m in o e th y l ) - 1 , 3 - d im e th y l u r e a  was c o n v e r t e d
i n t o  t h e  am ine o x id e  ( D i l l )  u s in g  h y d ro g en  p e r o x id e  u n d e r  n e u t r a l
c o n d i t i o n s .  The e x c e s s  h y d ro g en  p e r o x id e  was decomposed w i th  m anganese
d io x i d e  and th e  s o l u t i o n  f i l t e r e d  and c o n c e n t r a t e d  u n d e r  r e d u c e d  p r e s s u r e .
The amine o x id e  c o u ld  n o t  be  c r y s t a l l i s e d  and  so was h e a t e d  u n d e r
re d u c e d  p r e s s u r e ,  f o l l o w i n g  th e  s t a n d a r d  Cope e l i m i n a t i o n  p r o c e d u r e .  The
f r a c t i o n  b o i l i n g  80 -100°  a t  5.0mm Hg was c o l l e c t e d  and t h e  d i s t i l l a t i o n
was s to p p e d  im m e d ia te ly  s i n c e  f u r t h e r  h e a t i n g  i n v a r i a b l y  c a u se d  t h e
r e s i d u e  to  ex p lo d e !  The f r a c t i o n  c o l l e c t e d  was r e d i s t i l l e d  from  s o l i d
osodium h y d ro x id e  g i v i n g  a c o l o u r l e s s  l i q u i d ,  b . p .  52-54 a t  0.2mm Hg
25Up 1 .5 0 6 7 ,  which had  t h e  c o r r e c t  a n a l y s i s  f o r  1 , 3 - d i m e t h y l - 1 , 3 - d i v i n y l -  
u r e a  (D IV ). A g a s - l i q u i d  chrom atogram  o f  a sam ple  o f  1 , 3 - d i m e t h y l - 1 , 3 -  
d i v i n y l u r e a  showed o n ly  one p eak .  The s t r u c t u r e  o f  t h i s  h i t h e r t o  unknown 
compound was c o n f irm ed  u s in g  i n f r a r e d ,  n . m . r .  and mass s p e c t r o m e t r y .
The i n f r a r e d  s p e c tru m  showed p e a k s  a t  1320, 978 , and  845 cm 
i n d i c a t i v e  o f  an N -v in y l  g ro u p in g ,  t o g e t h e r  w i th  p e a k s  a t  3100 and 1620 
cm c h a r a c t e r i s t i c  o f  u n s a t u r a t e d  g ro u p s .  P eaks  a t  2910, 1675, and 1280 
-1 2 6 0  cm w ere a s s ig n e d  to  a l i p h a t i c  C-H, C=0 and Amide I I I  b an d s ,  
r e s p e c t i v e l y .  The n . m . r .  s p e c tru m  showed t h r e e  a r e a s  o f  a b s o r p t i o n  3»2-
3 .7  ^ ( q u a r t e t ) ,  5 .7 -6 .1  ^ ( t r i p l e t )  and 7.1 ^ ( s i n g l e t ) .  These v a l u e s  
w ere a s s ig n e d  to  N-CH=CH^, N-CH=CH2 and N-CH^ p r o t o n s ,  r e s p e c t i v e l y .  A 
m o le c u la r  i o n  a p p e a re d  a t  m/e 140 i n  th e  mass s p e c tru m  w hich h ad  a  b a s e
peak  a t  m/e 58. The f r a g m e n t a t i o n  p a t t e r n  showed p eak s  a t  125+ , l o s s  o f
+ +CH„; 114 , l o s s  o f  CkH. by a M c L a f fe r ty  r e - a r r a n g e m e n t ;  113 » l o s s  o f  3 2 2
-CH=CH2 ; t h e s e  p e a k s  b e in g  c o n s i s t e n t  w i th  t h e  p ro p o se d  s t r u c t u r e .
Many a t t e m p t s  to  p o ly m e r i s e  1 , 3 - d i m e t h y l - 1 , 3 - d i v i n y l u r e a  w ere  made 
u s i n g  v a r i o u s  i n i t i a t o r s ,  b o th  f r e e  r a d i c a l  and c a t i o n i c  w i th  no s u c c e s s .  
T a b le  1 .4  shows th e  r e p r e s e n t a t i v e  c o n d i t i o n s  employed i n  s e v e r a l  
p o ly m e r i s a t i o n  a t t e m p t s ,  i n  each  c a s e  t h e  monomer was r e c o v e r e d  a lm o s t  
q u a n t i t a t i v e l y  from th e  r e a c t i o n .
T ab le  1 .4 .
A tte m p ted  -p o ly m e r is a t io n  o f  1 t 3 - d i m e t h y l - 1 . 3 - d i v i n y l u r e a .
Wt o f  
monomer 
g
S o lv e n t
( *  7 » )
I n i t i a t o r
■—ioa
Time
h
T e m p e ra tu re
°C
0 .5 DTBPa 1 .0 4 140
0 . 5 - ABINb 1 .0 4 70
0 .5 - DBPC 1 .0 4 70
0 . 5 t o l u e n e  (5 ) BF^OEt^ 3 2 2 2 .4 5 -5 0
0 . 5 - ABIN+h>* 2 . 0 20 20
a d i - t e r t .  b u t y l  p e r o x id e
a z o b i s i s o b u t y r o n i t r i l eQ d ib e n z o y l  p e r o x id e
I t  i s  d i f f i c u l t  to  e x p l a i n  th e  f a i l u r e  o f  1 , 3 -d im o th y l—1 , 3 - d i v i n y l ­
u r e a  to  p o ly m e r i s e .  O th e r  w o rk e r3 h av e  r e p o r t e d  t h a t  c e r t a i n  N - v in y lu r e a s» 1 57 i tc o u ld  n o t  be p o ly m e r is e d ;  N - v in y l -h ,N  - d i e t h y l u r e a  ; N -v in y l-N  , N - m e t h y l -
1 61p h e n y lu re a  and K - is o p ro p e n y l -N  - p h e n y lu r e a  f a i l e d  to  g iv e  p o ly m e rs  w i th
57a  v a r i e t y  o f  i n i t i a t o r s .  O v e rb e rg e r  e t .  a l  s u g g e s t s  t h a t  t h i s  i s  due to
d i - s u b s t i t u t i o n  on th e  n o n v in y l i c  n i t r o g e n  a tom s w h i le  n o t  a f f e c t i n g
v i n y l  p o l y m e r i s a t i o n ,  i n h i b i t s  t h e  s e l f  a d d i t i o n  p r o c e s s  l e a d i n g  to
61polym er s t r u c t u r e  ( l . V I I l ) .  H a r t  o f f e r s  no e x p l a n a t i o n  f o r  t h e  i n a b i l i t y
o f  t h e  u n s a t u r a t e d  u r e a s  to  p o ly m e r i s e .
I n  t h e  c a s e  o f  1 , 3 -d im e th y 1 - 1 , 3 - d i v i n y l u r e a  t h e  r a t e  o f  i n t e r m o l e -
c u l a r  r e a c t i o n  o f  t h e  r a d i c a l  would be e x p e c te d  to  be lo w er  th a n  t h a t  o f
a s i m i l a r  monomer w i th  a n o n - i n t e r f e r i n g  p e n d a n t  g roup  ( l e s s  th a n  f o u r  o r
f i v e  c h a in  atom s i n  th e  p e n d a n t  g r o u p ) .  I n t e r f e r e n c e  by p e n d a n t  g ro u p s
lo w e rs  t h e  r a t e  o f  i n t e r m o l e c u l a r  r e a c t i o n  by s t e r i c a l l y  h i n d e r i n g  t h e
17incom ing  monomer m o le c u le  . The p r e s e n c e  o f  f i v e  atoms be tw een  th e  
r a d i c a l  and t h e  end o f  t h e  v i n y l  g roup  i n  1 ,3 —d i m e th y l - 1 , 3 - d i v i n y l u r e a  
s h o u ld  t h u s  f a v o u r  t h e  c y c l o p o ly m e r i s a t i o n  mechanism a t  t h e  e x p en se  o f  
i n t e r m o l e c u l a r  r e a c t i o n  b e c a u s e  th e  v i n y l  g roup  w i l l  f r e q u e n t l y  bo 
p r e s e n t e d  to  t h e  r e a c t i v e  c e n t r e  i n  a  c o n fo rm a t io n  which i s  f a v o u r a b l e  
f o r  c y c l i s a t i o n .  I t  was f o r  t h i s  v e r y  r e a s o n  t h a t  1 ,3 —d i m e t h y l - 1 , 3 -  
d i v i n y l u r e a  was s y n t h e s i s e d  o r i g i n a l l y .
M o le c u la r  m odels  o f  1 , 3 -d im o th y 1 - 1 , 3 - d i v i n y l u r e a  i n d i c a t e  t h a t  i f
3 2sp h y b r i d i s a t i o n  i s  p ro p o s e d  f o r  t h e  n i t r o g e n  atom t o g e t h e r  w i th  sp
h y b r i d i s a t i o n  f o r  t h e  c a rb o n y l  g ro u p ,  t h e  r a d i c a l  on t h e  <*--carbon ( t o
th e  n i t r o g e n )  can  o ccupy  a p o s i t i o n  f a v o u r a b l e  f o r  i n t r a m o l e c u l a r  r e a c t i o n .
I f ,  how ever,  t h e  n i t r o g e n  atoms a r e  sp  h y b r i d i s e d  (w hich  would be
55 2n e c e s s a r y  f o r  t h e  p ro p o se d  o v e r l a p  ) and c o n ju g a te d  w i th  an sp
h y b r i d i s e d  c a r b o n y l  g ro u p ,  i t  i s  more d i f f i c u l t  f o r  t h e  s eco n d  v i n y l
g roup  to  come w i t h i n  c l o s e  p r o x im i ty  o f  th e  r a d i c a l  on t h e  oC- c a rb o n
atom.
2I f  t h e  v i n y l  g ro u p s  a r e  a l s o  c o n ju g a te d  w i th  th e  sp  h y b r i d i s e d  N- 
CO-N sy s tem  t h e r e  a r e  two im p o r ta n t  c o n f o r m a t io n s  f o r  1 , 3 - d i m e t h y l - 1 , 3 -  
d i v i n y l u r e a  ( F ig u r e  1 .3 )«  C o n fo rm atio n  1 h a s  c i s  a r r a n g e m e n ts  o f  t h e  
two m e th y l g ro u p s  ( a )  and ( b ) ,  and t r a n s . t r a n s  p o s i t i o n s  o f  t h e  v i n y l  
g ro u p s  ( a )  and ( b )  w i th  r e s p e c t  to  t h e  c a r b o n y l  g ro u p .  The o t h e r  
c o n fo rm a t io n  ( C o n fo rm atio n  2 ) h a s  a  t r a n s  a r r a n g e m e n t  o f  t h e  m e th y l  
g ro u p s  on th e  n i t r o g e n  atom s w i th  v i n y l  g roup  ( a )  t r a n s  to  t h e  c a r b o n y l  
g roup  and v i n y l  group  ( b )  c i s  to  m e th y l  g roup  ( b ) .  Such c o n f o r m a t io n s  
a r e  even l e s s  f a v o u r a b l e  f o r  c y c l o p o l y m e r i s a t i o n .  I n  C o n fo rm a t io n  1 t h e
C o n fo rm a t io n  1
C o n fo rm a t io n  2 
F ig u r e  1 .5
C o n fo rm a t io n s  o f  1 »' j - d im e th y l - l  , 5 ~ d iv in y l i i r c a  a s s u m in g  
c o n j u g a t io n  a c r o s s  CHp=CH-H-CO-N-CH=CHp sy s te m .
m eth y l g ro u p s  ( a )  and (b )  i n t e r a c t  i f  bonds  to  t h e  n i t r o g e n  atom a r e  i n  
t h e  same p l a n e ,  a  more s t a b l e  c o n fo rm a t io n  may be found  by  r o t a t i o n  a b o u t  
th e  N—CO—N bonds to  r e d u c e  t h i s  i n t e r a c t i o n .  T h is  o f  c o u r s e  w ould r e d u c e  
t h e  d e g re e  o f  o v e r l a p  o f  t h e  o r b i t a l s  which make up t h e  c o n ju g a te d  
sy s te m . I n  C o n fo rm atio n  2 t h e  v i n y l  ( b )  and m e th y l ( a )  g ro u p s  would 
s i m i l a r l y  i n t e r a c t  a s  above .
E i t h e r  C on fo rm atio n  would be  u n f a v o u r a b l e  f o r  in t r a m o l e c u l a r  r e a c t i o n  
( c y c l o p o ly m e r i s a t i o n )  and th e  m otion  o f  t h e  p e n d a n t  g roup  would i n t e r f e r e  
w i th  t h e  i n t e r m o l e c u l a r  r e a c t i o n .  F u r t h e r  e v id e n c e  w i l l  be  d i s c u s s e dTl a t e r  c o n c e rn in g  t h e  s t r u c t u r e  o f  N,N - d i v i n y l u r e a s ,  b u t  t h i s  e x p l a n a t i o n  
i s  o f f e r e d  f o r  t h e  i n a b i l i t y  o f  1 , 3 - d i m e t h y l - 1 , 3 - d i v i n y l u r e a  to  p o ly m e r i s e .
1 .6 .  S y n t h e s i s  and P o ly m e r i s a t i o n  o f  1- E t h y l - 5 - v i n y l i m i d a z o l i d - 2 - o n e .
1- E t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  was p r e p a r e d  u s in g  a  s i m i l a r!seq u en ce  o f  r e a c t i o n s  to  th o s e  u s e d  f o r  t h e  N,N - d i v i n y l u r e a s .  The 
s y n t h e t i c  r o u t e  in v o lv e d  s y n t h e s i s  o f  1 - e t h y l i m i d a z o l i d - 2 - o n e  and th e n  
c o n v e r s io n  i n t o  1- e t h y l - 3 —(N,N—d i m e t h y l a m in o e th y l ) i m id a z o l id - 2 - o n e  from  
w hich 1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  c o u ld  be  o b t a in e d  u s i n g  s t a n d a r d  
r e a c t i o n s  ( C h a r t  E ) .
The f i r s t  s t e p  i n  t h e  s y n t h e s i s  was t h e  p r e p a r a t i o n  o f  N - e t h y l -1 0/je th y le n e d ia m in e .  The m ethod chosen  was t h a t  o f  0 Gee and Woodburn ,
65r a t h e r  th a n  A s p i n a l l ' s  method w hich i n v o lv e d  p r o t e c t i o n  o f  one  o f  t h e  
n i t r o g e n  a tom s i n  e th y l e n e - d i a m in e  w i th  an a c e t y l  g ro u p ,  a c t i v a t i o n  o f  
t h e  second  n i t r o g e n  atom w i th  a  b e n z e n e s u lp h o n y l  g ro u p ,  a l k y l a t i o n  and 
h y d r o l y s i s .
2 -B rom oethy lam ine  hyd rogen  b rom ide  ( E l )  was s y n t h e s i s e d  from  e t h a n e 1 -
amine by r e f l u x i n g  w i th  h y d ro b ro m ic  a c i d  a c c o r d in g  to  t h e  m ethod o f
C o r t e s e ^ .  2 -B rom oethy lam ine  h y d ro b ro m id e  was th e n  c o n v e r t e d  to  N - e t h y l -
e th y le n e d ia m in e  ( E l l )  by r e f l u x i n g  w i th  an e x c e s s  o f  e t h y l a m i n e ^ .
N e u t r a l i s a t i o n  o f  N - c th y le th y le n e d ia m in e  w i th  d i l u t e  h y d r o c h l o r i c  a c i d
67 68fo l lo w e d  by c y c l i s a t i o n  w i th  p o ta s s iu m  c y a n a te  ’ gave 1 - e t h y l i m i d a z o l i d -  
2 -o n e  ( B i l l )  on d i s t i l l a t i o n  u n d e r  re d u c e d  p r e s s u r e .  The i n f r a r e d  s p e c t ru m
mm 1o f  1- e t h y l i m i d a z o l i d — 2 -o n e  showed a b s o r p t i o n  b an d s  a t  1680 cm"" (C = 0),-j
3300-3350 cm" (N-h ) and th e  n . m . r .  sp e c tru m  showed a  s e r i e s  o f  p e a k s  a t
6 .7  s i n g l e t ) ,  6 . 8 - 7 . 0  ( q u a r t e t )  and 8 . 8 - 9 .1  r t!f ( t r i p l e t )  a s s i g n e d  
to  r i n g  p r o t o n s ,  N-CH^-CH, and N-CH -CBL p r o t o n s ,  r e s p e c t i v e l y .  The
i n f r a r e d  and n . m . r .  s p e c t r a  w ere i n  good a g ree m en t  w i th  d e t a i l s  p u b l i s h e d
69by S c h e r e r  and Schm idt e
1—E t h y l i m i d a z o l i d - 2 - o n e  was c o n v e r t e d  i n t o  t h e  mono—sodium  s a l t  u s i n g  
sodium h y d r id e  i n  N ,N -d im e th y lfo rm am id e  w hich i n  t u r n  was c o n v e r t e d  i n t o
1- e t h y l - 3 - ( N , N - d i m e t h y l a m i n o e t h y l ) i m i d a z o l i d - 2 - o n e  (EIV) by r e a c t i o n  w i th  
N,N—d im e th y l - 2 - c h lo r o e th y l a m i n e .  A f t e r  d i s s o l u t i o n  i n  w a te r  t h e  t e r t i a r y  
am ine was e x t r a c t e d  w i th  c h lo ro fo rm  and t h e  c h lo ro fo rm  removed u n d e r  
r e d u c e d  p r e s s u r e .  S in c e  th e  n e x t  s t e p  i n  t h e  s y n t h e s i s  would p r o v id e  a 
c o n f i r m a to r y  d e r i v a t i v e ,  th e  t e r t i a r y  amine was c o n v e r t e d  w i th o u t  f u r t h e r  
p u r i f i c a t i o n  to  t h e  q u a t e r n a r y  ammonium i o d i d e  (EV) by  a d d i t i o n  o f  m e th y l  
io d id e #  T h is  q u a t e r n a r y  ammonium i o d i d e  was c o n v e r t e d  i n t o  t h e  q u a t e r n a r y  
ammonium h y d r o x id e  (EV l) w i th  s i l v e r  o x id e  i n  aqueous  e th a n o l#  W ater  and 
e t h a n o l  w ere removed u n d e r  r e d u c e d  p r e s s u r e  and t h e  v i s c o u s  s y ru p  o b t a i n e d  
t r a n s f e r r e d  to  a  d i s t i l l a t i o n  f l a s k .  The sy ru p  was decomposed u s i n g  th e  
s t a n d a r d  Hofmann t e c h n iq u e  w i th  an o i l  b a t h  t e m p e r a tu r e  o f  130-140° and
a  p r e s s u r e  o f  1 .5  mm Hg. R e d i s t i l l a t i o n  o f  t h e  f r a c t i o n  c o l l e c t e d  g av e  a
o 25c o l o u r l e s s  l i q u i d  b . p .  116-118 a t  1 .5  mm Hg n^ 1.4991 w hich had  th e
c o r r e c t  a n a l y s i s  f o r  1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  ( E V I l ) .  A g a s - l i q u i d
chrom atogram  o f  a sam ple  o f  1 - e t h y l - 3 - v i n y I i m i d a z o l i d - 2 - o n e  showed o n ly
one p eak .  The s t r u c t u r e  was co n f irm ed  u s i n g  e v id e n c e  s u p p l i e d  by i n f r a r e d ,
n . m . r .  and mass s p e c t r o m e t r y .
An i n f r a r e d  sp e c tru m  i n d i c a t e d  t h e  p r e s e n c e  o f  an N -v in y l  g roup  w i th
-1a b s o r p t i o n  bands  a t  990 and 838 cm , t h e  u n s a t u r a t i o n  a l s o  g i v i n g  r i s e  to
-1  -1p eak s  a t  3120 and 1635 cm , and a c a r b o n y l  a b s o r p t i o n  a t  1705 cm •
The n . m . r .  sp e c tru m  o f  1- e t h y l - 3 - v in y l i m i d a z o l i d - 2 - o n e  showed f i v e  
s e t s  o f  p e a k s ,  t h e  low f i e l d  s i g n a l  2 . 8 - 3 . 3  ^  i s  due to  t h e  N-CHpCHg
proton and appears as a quartet, the signal between 5 .8 -6 .2  Y  appears as 
two overlapping quartets and i s  due to the N-CH=CHp protons. The signal
a t  6 .6  'u  , a  s i n g l e t ,  h a s  been a s s ig n e d  to  t h e  r i n g  .protons*- o f  t h e  
im id a z o l id - 2 - o n e  r i n g ,  t h e  p eak s  a t  6 . 6 - 6 . 9  and  8 . 7 - 9 . 0  w hich  a p p e a r  
a s  a q u a r t e t  and a  t r i p l e t  w ere a s s ig n e d  to  CH^-CH^ and CH^-CK^ p r o t o n s ,
r e s p e c t i v e l y .  The r e l a t i v e  a r e a s  o f  t h e  f i v e  s i g n a l s  from low to  h ig h  
f i e l d  w ere 1 :2 ; 4 :2 :3 »  which a g r e e s  w i th  t h e  t h e o r e t i c a l  i n t e g r a t i o n .
The mass sp ec tru m  showed a  m o le c u la r  i o n  a t  m/e 140 w i th  a  b a s e  
p eak  o f  56 • The f r a g m e n ta t i o n  p a t t e r n  was c o n s i s t e n t  w i th  t h e  s t r u c t u r e ;
1 25+ l o s s  o f  CH^; 114+ l o s s  o f  C^H^ by a M c L a f fe r ty  r e a r r a n g e m e n t ;  113+
l o s s  o f  CH =CH-, T hree  p o s s i b i l i t i e s  o c c u r  f o r  t h e  peak  found  a t  112 • 
E i t h e r ,  l o s s  o f  C=0 from  th e  r i n g ,  l o s s  o f  C^H^ from th e  r i n g  o r  l o s s  o f  
CH^CH^ by a M c L a f fe r ty  r e a r r a n g e m e n t ,  t h e  c a r b o n y l  g roup  a t t a c k i n g  t h e
e t h y l  g roup  and rem oving  a p r o to n .

The p o ly m e r i s a t i o n  o f  1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - a n e  was a c h ie v e d  
u s i n g  v a r i o u s  i n i t i a t o r s ,  t h e  r e s u l t s  and  c o n d i t i o n s  b e in g  sum m arised  i n  
T a b le  1 , 5 .  The po ly m ers  w ere i s o l a t e d  from t h e  p o l y m e r i s a t i o n  r e a c t i o n  
by d ro p w ise  a d d i t i o n  i n t o  v i g o r o u s l y  s t i r r e d  e t h e r  o r  l i g h t  p e t ro l e u m .  
A l l  t h e  p o ly m ers  below  had  s o f t e n i n g  p o i n t s  be tw een  165 and  1 8 5 ° .
T ab le  1 . 5 ,
P o l y m e r i s a t i o n  o f  1 - e t h y l - 3 - v i n y I l m i d a z o l i d - 2 - o n e .
Wt o f  
monomer
g
S o lv e n t
( *  7 » )
I n i t i a t o r
mol %
Time
h
T em p era tu re
°C
C o n v e r s io n 8,
%
LReduced
s p e c i f i c
v i s c o s i t y
T ^ s p /c
0 .7 5 - DTBP° 1 .6 2 140 86 -
0 .5 - A3INf 2 .0 4 70 50 0 .1 4 5
0 .5 b en ze n e  (20 ) ABIN 2 .0 4 70 38 0 .0 9
0 .9 b en ze n e  (2 0 ) ABIN 1 .5 24 70 83 0 .1 6
1 .0 b en ze n e  (2 5 )  ABIN 1 .7 5 4 70 46 0 .1 9 °
2 .0 - ABIN + hp 0 . 8 2 25 90 0 . 2 0 8 d
0 .7 5 t o l u e n e  (1 0 ) BF OEt 1 0 .3 5 -5 0 86 0 . 1 1 4 d
cl e s t i m a t e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  i n  e t h e r
for toluene solutions
C i n t r i n s i c  v i s c o s i t y  
d f o r  aqueous  s o l u t i o n s
G d i - t e r t . b u t y l  p e r o x id e
f a z o b i s i s o b u t y r o n i t r i l e  
No a c i d - c a t a l y s e d  p o l y m e r i s a t i o n s  w ere  a t t e m p te d  in  v iew  o f  t h e  e a s e  o f  
h y d r o l y s i s  o f  t h e  N -v in y l  g roup  i n  t h e  N , N ' - d i v i n y l u r e a s .
The i n f r a r e d  and n . m . r .  s p e c t r a  o f  p o ly (  1- e t h y l - 3 - v i n y l i m i d a z o l i d -
2 -o n e )  showed no r e s i d u a l  u n s a t u r a t i o n .  The p o ly m ers  w ere  s o l u b l e  i n  a  
v a r i e t y  o f  s o l v e n t s ;  b e n z e n e , t o l u e n e , w a t e r  and  N ,N -d im e th y l fo rm a m id e ,fo r  
exam ple. These f a c t s ,  s u p p o r te d  by th e  f u s i b i l i t y  o f  t h e  p o ly m er ,  s u g g e s t  
a l i n e a r  s t r u c t u r e  w i th  r e p e a t i n g  g ro u p s  a s  e x p e c te d  f o r  a  v i n y l  monomer 
( 1 .X IV ).

P o ly (  1 - e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e )  would be e x p e c te d  to  show some
s i m i l a r i t i e s  w i th  o t h e r  N -v in y la m id e  p o ly m ers ,  i n  p a r t i c u l a r  N - v in y l -
p y r r o l i d - 2 - o n e .  P o l y ( N - v i n y l p y r r o l i d - 2 - o n e )  i s  w a te r  s o l u b l e  b u t  d o es  n o t
p r e c i p i t a t e  from  aqueous  s o l u t i o n  on r a i s i n g  th e  te m p e r a tu r e  to  100° , i n
70 71c o n t r a s t  to  p o l y ( N -v in y lc a p ro  1 a c ta m ) and po ly (hT- v i n y l p i p e r i d - 2 - o n e )  1 •
o 71P o ly ( N - v in y lc a p r o la c t a m )  p r e c i p i t a t e s  a t  35 w hereas  p o l y ( v i n y l p i p e r i d -
o 712 -o n e )  p r e c i p i t a t e s  a t  64 -65  • P o l y ( 1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e ) ,
how ever,  p r e c i p i t a t e s  from  aqueous  s o l u t i o n  a t  4 5 ° .  P o ly (  1 - e t h y l ~ 3 - v i n y l -
im id a z o l id - 2 - o n e )  fo rm s com plexes  w i th  p o l y b a s i c  a c i d s  such  a s  t a n n i c  a c i d ,
th e s e  com plexes  a r e  w a te r  i n s o l u b l e  b u t  t h e  r e a c t i o n  can be  r e v e r s e d  by
n e u t r a l i s i n g  th e  p o ly a c id  w i th  b a s e .  T h is  p r o p e r t y  o f  com plex f o r m a t io n
i s  e x t e n s i v e l y  found  f o r  p o l y ( N - v i n y l p y r r o l i d - 2 - o n e )  which fo rm s  com plexes
w i th  i o d i n e ,  p o ly b a s i c  a c i d s ,  t o x i n s  and d r u g s .  P o l y ( N - v i n y l p y r r o i i d ~ 2 -
one) h a s  been  e x t e n s i v e l y  s t u d i e d  a s  a  p la sm a  volume e x p a n d e r  f o r  u s e  i n
th e  c o n t r o l  o f  shock  due to  e x c e s s iv e  b lo o d  l o s s ,  e x t e n s i v e  b u r n s  o r  
71d e h y d r a t i o n  , Due to  t h e  s i m i l a r i t y  w i th  p o l y ( N - v i n y l p y r r o l i d - 2 - o n e ) ,  
p o ly (  1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e )  co u ld  be  a  p o s s i b l e  s u b s t i t u t e  
p la sm a e x p a n d e r .
CHAPTER 2 
Co p o ly m e r i s a t i o n  S tu d ie s
2.1 I n t r o d u c t i o n
As a  means o f  g a i n i n g  f u r t h e r  i n f o r m a t io n  on th e  n a t u r e  and r e a c t i v i t y  
o f  N - v in y l -  and N,H’- d i v i n y l u r e a s  and th e  r a d i c a l s  p ro d u c e d  from  them, a 
number o f  c o p o l y m e r i s a t io n  s t u d i e s  w ere c a r r i e d  o u t .  T h is  c h a p t e r  d e s c r i b e s  
th e  u s e  o f  th e  copolym er c o m p o s i t io n  e q u a t io n  to  d e te r m in e  t h e  r e a c t i v i t y  
r a t i o s  and Q, and e p a r a m e te r s  f o r  t h e  c o p o l y m e r i s a t i o n  o f  N -v in y l  monomers 
w i th  e t h y l  a c r y l a t e .
A r a d i c a l  p roduced  from one  monomer, A, i n  a b i n a r y  c o p o l y m e r i s a t i o n
r e a c t i o n  can  e i t h e r  add to  a l i k e  monomer, A, o r  add to  an  u n l i k e  monomer.
B. I f  t h e  r a d i c a l  from monomer A r e a c t s  p r e f e r e n t i a l l y  w i th  monomer A i n
th e  copo lym er m ix tu re  th e n  t h e  r e s u l t a n t  copo lym er p ro d u c e d  w i l l  c o n t a i n ,
on a n a l y s i s ,  s u b s t a n t i a l l y  more A th a n  B. Only when m ost o f  A i s  e x h a u s te d
w i l l  th e  g row ing  po lym er c h a in ,  w hich i s  e s s e n t i a l l y  A, r e a c t  w i th  monomer
B. I f  how ever t h e  r a d i c a l  from  monomer A had  e q u a l  p r e f e r e n c e  f o r  A o r  B,
th e n ,  on a n a l y s i s  o f  t h e  copo lym er, e q u a l  am ounts o f  A and B would be
e x p e c te d .  T hese  two e x t re m e s  r e p r e s e n t  i d e a l i s e d  s y s te m s .  The d e g r e e  o f
p r e f e r e n c e  o f  two monomer p a i r s  can  be c a l c u l a t e d  from  t h e  c o p o l y m e r ! s a t i o n
c o m p o s i t io n  e q u a t io n .  The c o p o l y m e r i s a t i o n  e q u a t io n  was d e r i v e d  a lm o s t
72-74s im u l t a n e o u s l y  by t h r e e  s e t s  o f  w o rk e rs  i n  1944. The d e r i v a t i o n  o f
t h i s  e q u a t io n  i s  b a se d  on t h e  a s s u m p tio n  t h a t  th e  c o n c e n t r a t i o n  o f  each  
ty p e  o f  r a d i c a l  q u ic k ly  a c h i e v e s  a  v a l u e  w hich r e m a in s  c o n s t a n t  th r o u g h o u t  
t h e  m a jo r  p a r t  o f  t h e  c o p o l y m e r i s a t i o n  r e a c t i o n .
The r e l a t i o n s h i p  f o r  t h e  c o m p o s i t io n  o f  copo lym ers  from  p a i r s  o f  v i n y l  
monomers i s  u s u a l l y  w r i t t e n ;
[ » , ]  .  [ » , ]  [ « o  * [ « j ( 2-1 )
4 w  w  r 2 [  h 2]  + [ Mj
Where t h e  r e a c t i v i t y  r a t i o s  r^=  k^^ and r ^  = k ^
k 12 k 21
At low c o n v e r s io n  d [ M„ | |m. I
1 f i t  kr1!  ( 2 - 2 )
d h i H
w here  and r e f e r  to  monomer r e s id u © s  i n  t h e  cop o ly m er .
The r e a c t i v i t y  r a t i o s  r e p r e s e n t  t h e  r a t i o s  o f  r a t e  c o n s t a n t s  f o r
h o m o p ro p a g a t io n  o v e r  t h e  r a t e  c o n s t a n t s  f o r  h e t e r o p r o p a g a t i o n .  Mayo and 
72Lewis d e te rm in e d  r e a c t i v i t y  r a t i o s  by a  g r a p h i c a l  method u s i n g  t h e
i n t e g r a t e d  form  o f  e q u a t io n  ( 2 - 1 ) .  A n o th e r  method i s  to  m e asu re  t h e  i n i t i a l
and f i n a l  s l o p e s  o f  t h e  c o p o l y m e r i s a t i o n  c u rv e  i n  w hich c o p o ly n e r
75c o m p o s i t io n  i s  p l o t t e d  a g a i n s t  monomer c o m p o s i t io n  • A method o f  
i n c r e a s i n g  a p p l i c a t i o n  i n  d e t e r m in i n g  r e a c t i v i t y  r a t i o s  i s  t h a t  o f  Finem an 
and Ross u s i n g  a  r e a r r a n g e d  form o f  e q u a t io n s  ( 2 - 1 )  and ( 2 - 2 ) .
I f  f  as (n^ /m ^) and F = ( m.j / M ^ th e n  e q u a t io n s  ( 2 - 1 )  and  ( 2 - 2 )  can
be w r i t t e n  a s :
f  = F r . F  + 1
r 2 + F
( 2 - 3 )
By r e a r r a n g i n g  t e r n s :
I  ( f-1 )  = r ! . _  “  * 2 ( 2- 4 )
2A p l o t  o f  ( F / f  ) (  f - 1 ) a s  o r d i n a t e  and ( r / f  ) a s  a b s c i s s a  s h o u ld  g iv e  
a  s t r a i g h t  l i n e  whose s lo p e  i s  r^ and  i n t e r c e p t  minus r ^ .
E q u a t io n  ( 2 - 3 )  can a l s o  be r e a r r a n g e d  t o :
f  -  1 = " r 2 _ i ___  + r 1 ( 2 - 5 )
F F 3
I n  t h i s  c a s e  t h e  s lo p e  i s  minus r ^  and th e  i n t e r c e p t  r ^ • The u s e  o f  
e q u a t io n s  ( 2 - 4 )  and ( 2 - 5 )  p e r m i t s  t h e  u s e  o f  t h e  method o f  l e a s t  s q u a r e s  
to  g e t  t h e  b e s t  f i t  to  t h e  e x p e r im e n ta l  d a t a .  H aving  th e  two e q u a t i o n s  
i s  a l s o  an  a d v a n ta g e  s i n c e  som etim es one o f  t h e  two p l o t s  g i v e s  a  b e t t e r
77s t r a i g h t  l i n e  th ro u g h  t h e  p o i n t s  • M cC affery  g i v e s  a  c o m p u te r  p rog ram  
(FORTRAN I I ) f o r  th e  l e a s t  s q u a r e s  c a l c u l a t i o n  and d e t e r m i n a t i o n  o f  
r e a c t i v i t y  r a t i o s .  F o r  o u r  p u rp o s e s  t h i s  h a s  been  r e w r i t t e n  i n  FORTRAN 
IV program m ing la n g u a g e  (A ppendix  1 ) .
S in c e  th e  r e l a t i v e  r e a c t i v i t y  r a t i o s  depend on t h e  s y s te m  u s e d  f o r  
t h e i r  d e t e r m i n a t i o n  th e y  would h av e  to  be  d e te rm in e d  e x p e r i m e n t a l l y  f o r  
each  monomer p a i r  o f  i n t e r e s t .  The n eed  f o r  more g e n e r a l  and  c o n s t a n t  
f a c t o r s  by which a  g iv e n  monomer can  be  c h a r a c t e r i s e d  h a s  l e d  to  t h e

deve lopm en t o f  t h e  c o p o l y m e r i s a t i o n  p a r a m e te r s ,  Q and e ,  by  A l f r e y  and 
78P r i c e  • A l f r e y  and P r i c e  d e f in e d  an  e q u a t io n  f o r  each  c r o s s - p r o p a g a t i o n  
te rm , ^ o r  , i n  te rm s  o f  t h r e e  c o n s t a n t s  c h a r a c t e r i s t i c  o f  t h e
s t r u c t u r e  o f  t h e  monomers P, Q and e ,  e q u a t io n  ( 2 - 6 ) .
k 12 = P 1 Q2 GXp ^ ~ e 1 e 2^ (2~6l
When r e a c t i v i t y  r a t i o s  a r e  c a l c u l a t e d  f o r  t h e  r e a c t i v i t y  o f  two 
monomers w i th  one r a d i c a l  th e  P te rm  i s  e l i m i n a t e d ,  e q u a t io n  ( 2 - 7 ) .
=  k 1 1 = P 1 Q1 « P  ( - V 2 > „  Q1 GXI> L ° 1 ( e 2 ' e 1 j  ( 2 _ 7 )
k 12 P1 Q2 GXP ( _ e 1e 2 ) Q2
Q i s  assumed to  d e n o te  t h e  g e n e r a l  r e a c t i v i t y  o f  t h e  monomer, and e i s
assumed to  i n d i c a t e  i t s  p o l a r  p r o p e r t i e s .
S in c e  t h e  e q u a t io n  i s  e m p i r i c a l  a s t a n d a r d  monomer was ch o sen  and
g iv e n  a r b i t a r y  v a l u e s  f o r  Q and e .  S ty r e n e  was chosen  f o r  t h e  r e f e r e n c e
78monomer and g iv e n  t h e  v a l u e s  Q = 1 . 0 ,  e =-1 .0  , b u t  l a t e r  t h e  v a l u e  o f
79e was r e v i s e d  to  - 0 . 8  . The v a l u e s  o f  Q and e q u o te d  i n  t h i s  c h a p t e r
80w ere c a l c u l a t e d  from  e q u a t io n s  ( 2 - 8 )  and ( 2 - 9 )  •
e 2 = e -j -  ( r 1r 2 ) 2 ( 2 - 8 )
Q2 = / r i exP ( e 1“ e2 ) j*  ( 2 - 9 )
2 .2  C o p o ly m e r is a t io n  o f  1 , 5 - D iv in y l im i d a z o l i d - 2 - o n e  w i th  E t h y l  A c r y l a t e
M ix tu re s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and e t h y l  a c r y l a t e  i n  b e n z e n e  
w ere c o p o ly m e r is e d  to  low c o n v e r s io n s  u s i n g  a z o b i s i s o b u t y r o n i t r i l e  a s  
i n i t i a t o r .  A f t e r  p r e c i p i t a t i o n  and p u r i f i c a t i o n ,  th e  co p o ly m ers  w ere 
a n a ly s e d  f o r  n i t r o g e n  c o n t e n t  from  which t h e  p e r c e n t a g e  and  mole p e r c e n t a g e  
o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  r e s i d u e s  i n  t h e  copolym er w ere  c a l c u l a t e d .  
T a b le  2.1 g i v e s  monomer f e e d s ,  c o n v e r s io n s  and a n a l y s e s  f o r  t h e  c o p o ly ­
m e r i s a t i o n  r e a c t i o n s ,  and T ab le  2 .2  t h e  mole p e r c e n ta g e  d a t a  from  w hich
F ig u r e  2.1 i s  p l o t t e d .
81 82Beynon * i n v e s t i g a t e d  t h e  c o p o l y m e r i s a t i o n  o f  d i f u n c t i o n a l  
monomers ( d i a l l y l  p h o s p h o n a te s  and d i a l l y l u r e a s )  w i th  monofu/jctional 
comonomers u s i n g  t h e  no rm al form  o f  t h e  c o p o l y m e r i s a t i o n  e q u a t i o n ,
( e q u a t i o n  2 - 1 ) .  He d e c id e d  t h a t  t h i s  e q u a t io n  c o u ld  be  u s e d  i f  t h e  two

g ro u p s  i n  t h e  d i f u n c t i o n a l  monomer w ere e q u i v a l e n t ,  w h e th e r  o r  n o t  b o th  
f u n c t i o n a l  g ro u p s  a r e  i n v o lv e d  i n  t h e  p o l y m e r i s a t i o n .  Thus, f o r  th e  
c o p o l y m e r i s a t i o n  o f  1 , 3 - d - iv in y l im id a z o l id - 2 - o n e  w i th  e t h y l  a c r y l a t e  
e q u a t io n  2 - 1 (and  i t s  d e r i v a t i v e s ) h a s  been  u sed  f o r  t h e  d e t e r m i n a t i o n  o f  
r e a c t i v i t y  r a t i o s .
T ab le  2.1
C o p o ly m e r is a t io n  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  (DVT) w i th  e t h y l  a c r y l a t e
(E tA )a
Feed Copolymer
Wt o f Wt o f C o n v ers io n A n a ly s i s 1 A n a ly s i s 2 % DVI % EtA
DVI EtA % * et7° by wt by wt
S S C H N C1 H N
0 .2 6 5 1 .735 2.1 5 6 .7 5 7 .4 4 5 .9 8 57«,07 7 .4 9 6 .0 9 3 0 .04 6 9 .9 6
0 .5 1 2 1 .488 5 .9 57.41 7 .5 4 6 .6 8 59.,54 7 .8 3 7 .0 9 3 4 .9 7 6 5 .0 3
0 .7 4 5 1 .257 6 .9 5 9 .75 7 .9 2 8 .1 5 59.,56 7.71 8 .1 6 4 0 .2 5 5 9 .7 5
0 .9 5 8 1 .042 6 .6 5 9 .3 3 7 .8 8 8 .7 8 60,.13 7 .7 9 8 .9 2 4 4 .0 0 5 6 .0 0
1 .160 0 .8 4 0 3 .2 5 8 .08 7 .5 5 8 .5 7 59.,52 7 .8 0 8 .8 6 43.71 56 .29
1 .348 0 .6 5 2 3 .6 5 8 .7 2 7 .9 7 9 .3 9 58,,52 7 .7 7 9 .4 3 4 6 .5 2 5 3 .4 8
1 .520 0 .4 8 0 4 . 3 5 8 .9 3 7.91 9 .7 9 59..26 7 .7 5 9.81 4 8 .3 9 51 .61
1 .6 9 3 0 .3 0 7 4.1 5 8 .9 5 7 .5 4 9 .7 3 58,»86 7 .6 4 9 .8 9 4 8 .7 9 51 .21
1 .8 5 0 0.1 50 3 .5 5 8 .5 4 7 .4 5 1 0 .48 58,.59 7 .4 4 1 0 .5 0 51 .80 4 8 .2 0
a p o ly m e r is e d  a t  10% w/w monomer c o n c e n t r a t i o n  i n  b en zen e  w i th  0 .1 mole 
% a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r  a t  60 i  0.1 °C
13 e s t i m a t e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  i n  l i g h t  p e t ro l e u m  ( b . p  40 
- 6 0 ° ) .

T ablo  2 .2
C o p o ly m e r is a t io n  o f  1 , 3 ~ d iv in y l im id a z o l id ~ 2 - o n e  (p V l)  w i th  e t h y l  a c r y l a t e  
(E tA )
Feed Copolymer
mole c/o DVT mole % EtA mole % DVI mole °/o EtA
M1 M2 ” 1 m2
1 0 .0 0 9 0 .0 0 2 3 .7 3 7 6 .2 7
2 0 .0 0 8 0 .0 0 2 8 .0 4 71 .96
3 0 .0 0 7 0 .0 0 32.81 6 9 .19
4 0 .0 0 6 0 .0 0 3 6 .28 6 3 .7 2
5 0 .0 0 50 .00 36.01 63 .99
6 0 .0 0 4 0 .0 0 38 .67 6 1 .3 3
7 0 .0 0 30 .00 4 0 .4 6 5 9 .5 4
8 0 .0 0 20 .00 4 0 .8 4 59 .16
9 0 .0 0 10 .00 4 3 .7 8 56.21
I n s p e c t i o n  o f  th e  sh ap e  o f  t h e  monom er-copolym er c o m p o s i t io n  c u rv e ,  
F ig u r e  2 .1 ,  g i v e s  an i n d i c a t i o n  o f  t h e  v a l u e s  o f  t h e  r e a c t i v i t y  r a t i o s  o f  
th e  two monomers. The sh ap e  o f  F ig u r e  2.1 s u g g e s t s  t h a t  b o th  r^ and r ^  a r e  
83l e s s  th a n  one • The c u rv e  a l s o  c o n t a i n s  a p o i n t  which c r o s s e s  t h e  d i a g o n a l  
l i n e .  T h is  i s  t h e  a z e o t r o p i c  c o p o l y m e r i s a t io n  c o m p o s i t io n  ( 3 4 .2  mole fo 
1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e )  where t h e  copolym er would h av e  t h e  same 
c o m p o s i t io n  a s  t h e  monomer f e e d  m ix tu r e .  T a b le  2 .3  g iv e s  t h e  d a t a  c a l c u l a t e d  
f o r  t h e  F inem an--R oss  p l o t s  f o r  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and e t h y l  
a c r y l a t e .
0 50
Monomer
F i g u r e  2, 1
4
polym er c o m p o s i t io n  cu rv e  f o r  th e  c o p o ly m e r in a t io n  o f
Table 2.3
D a ta  f o r  F inem an—Ross p l o t s  f o r  t h e  c o p o l y m e r i s a t i o n  o f  1 , 5 - d i v i n y l i m i d -  
a z o l i d - 2 - o n e  w ith  e t h y l  a c r y l a t e .
MF = _1_ .
M2
f  = “.1 
m2
f-1 F / f F2 ( F / f ) ( f - 1 ) F 2/ f f-1
F
f
F 2
0.111 0.311 -0 .6 8 9 0 .3 5 7 0 .0 1 2 - 0 .2 4 6 0 .0 3 9 - 6 .2 0 6 25.251
0 .2 5 0 0 .3 8 9 -0 .611 0.641 0 .0 6 2 -0 .3 9 1 0 .1 6 0 -2 .4 4 1 6 .2 3 3
0 .4 2 8 0 .4 8 9 -0 .511 0 .8 7 4 0 .1 8 3 -0 .4 4 6 0 .3 7 4 -1 .1 9 3 2 .6 7 2
0 .6 6 6 0 .5 6 9 -0 .431 1 .169 0 .4 4 3 - 0 .5 0 4 0 .7 7 9 - 0 .6 4 6 1 .283
1 .000 0 .5 6 2 - 0 .4 3 8 1 .777 1 .000 - 0 .7 7 7 1 .7 7 7 - 0 .4 3 7 0 .5 6 3
1 .5 0 0 0 .6 3 0 - 0 .3 7 0 2 .379 2 .2 5 0 -0 .8 7 9 3 .5 6 8 - 0 .2 4 6 0 .2 3 0
2 .3 3 3 0 .6 7 9 - O . 32I 3 .433 5 .4 4 4 -1 . 100 8.011 -0 .1  37 0 .1 2 5
4 .0 0 0 0 .6 9 0 - 0 .3 1 0 5 .794 16 .000 - 1 .7 9 4 2 3 .1 7 8 - 0 .0 7 7 0 .0 4 3
9 .0 0 0 0 .7 7 8 - 0 .2 2 2  11 .556 8 1 .0 0 0 - 2 .5 5 6 104 .000 - 0 .0 2 4 0 .0 0 9
F ig u r e s 2 .2  and 2 .3  show th e  p l o t s  o f  ( F / f ) ( f - l ) v s .  F 2/ f  and f - 1 / F  v s .2f / F  from  t h e  d a t a  i n  T a b le  2.3* The r e a c t i v i t y  r a t i o s  o b t a i n e d  from  t h e  
i n t e r c e p t s  and s l o p e s  o f  F ig u r e s  2 .2  and 2 . 3  w hich a r e  p l o t s  o f  e q u a t i o n s  
( 2 - 4 )  and ( 2 - 5 )  a r e  shown- i n  T ab le  2 . 4 .
T ab le  2 .4
R e a c t i v i t y  r a t i o s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  w i th  e t h y l  a c r y l a t e .
System From p l o t  o f From p l o t  o f
e q u a t io n  ( 2 - 4 ) e q u a t i o n  ( 2 - 5 )
( F i g u r e  2 .2 ) ( F i g u r e  2 . 3 )
r 1 r 2 r  r  1 2
t , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  (M^), 0 .0 9 9  0 .3 9  0 .0 8  0 .3 8 6
e t h y l  a c r y l a t e  (M^)
r 1 = 0 .0 8 9 7 r 2 = 0 .388a


J /  (!»—£ )
a r e s u l t s  from  com puter  p rogram  (A ppendix  1)
The Q and e v a l u e s  o b t a in e d  f o r  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e ,  u s i n g  
e q u a t io n s  ( 2 - 8 )  and (2 -9 )*  and v a lu e s  o f  Q = 0 .5 2 ,  e = 0 .2 2  f o r  e t h y l  
a c r y l a t e ,  w ere Q = 0 .8 4 ,  e = - 1 .5 8 .  The Q and e v a l u e s  o b t a i n e d  f o r  1 , 3 -  
d i v i n y l i m i d a z o l i d - 2 - o n e  a r e  compared w i th  t h o s e  f o r  o t h e r  N - v in y l  compounds 
i n  C h a p te r  2.5*
At t h e  a z e o t r o p i c  c o p o l y m e r i s a t i o n  c o m p o s i t io n  t h e  po lym er h a s  t h e  
same c o m p o s i t io n  a s  t h e  monomer f e e d  m ix tu r e ,  and a p o ly m e r ic  p r o d u c t  o f  
c o n s t a n t  c o m p o s i t io n  i s  form ed th ro u g h o u t  t h e  c o p o ly m e r i s a t i o n  r e a c t i o n .
A r e l a t i o n s h i p  can be d e r iv e d  to  c a l c u l a t e  t h i s  c r i t i c a l  monomer f e e d  by 
s o l v i n g  a  form  o f  e q u a t io n  ( 2 - 1 )  f o r  t h e  c a s e  where = m^. The e q u a t io n
84th e n  r e d u c e s  to  e q u a t io n  (2 - 1 0 )  .
( m1 ) c = 1_ r 2
2 - ( r 1 + r  ) ( 2 - 1 0 )
S u b s t i t u t i o n  o f  t h e  r^ and r ^  v a l u e s  i n t o  e q u a t io n  (2 - 1 0 )  g i v e s  t h e
c r i t i c a l  monomer f e e d  a s  39 .9  mole % compared to  3 4 .2  mole $  o b t a i n e d  from  
F ig u r e  2 . 1 .  H o w ev er ,o n ly  t h e  b e s t  v a l u e s  o f  r^ and r ^  h ave  been  c a l c u l a t e d  
and th e  c o r r e s p o n d in g  s t a n d a r d  d e v i a t i o n s  h ave  n o t  been  d e t e r m in e d .
2 .3  C o p o ly m e r is a t io n  o f  1 , 3 -D iv in .y lh e x a h y d ro p y r im id -2 -o n e  w i th  E t h y l  
A c r y l a t e .
M ix tu re s  o f  1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  and e t h y l  a c r y l a t e  i n  
ben zen e  w ere c o p o ly m e r is e d  u s in g  a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r  to  
t h e  low c o n v e r s io n  n e c e s s a r y  to  u s e  t h e  c o p o l y m e r i s a t i o n  e q u a t i o n .  A f t e r  
p r e c i p i t a t i o n  and p u r i f i c a t i o n ,  t h e  copo lym ers  w ere a n a ly s e d  f o r  n i t r o g e n  
c o n t e n t  from  which th e  p e r c e n ta g e  and mole p e r c e n ta g e  o f  1 , 3 - d i v i n y l h e x a -  
h y d ro p y r im id -2 -o n e  r e s i d u e s  i n  t h e  copolym er w ere c a l c u l a t e d .  The monomer 
f e e d s ,  c o n v e r s io n s  and a n a l y s e s  a r e  g iv e n  i n  T a b le  2 .5  and T a b le  2 .6  g i v e s  
t h e  c a l c u l a t e d  mole p e r c e n ta g e s  f o r  t h e  monomer f e e d s  and t h e  c o p o ly m e rs .  
The monomer-copolymer c o m p o s i t io n  c u rv e  i s  shown i n  F ig u r e  2 . 4 .
Table 2.5
C o p o ly m e r is a t io n  o f  1 , 3“- d iv in y lh e x a h y d r o p y r im id - 2 - o n e  (DVHHP) w i th  e t h y l
a c r y l a t e  (E tA )a 
Feed Copolymer
'UVy \  XJ VUX1 X J
Wt o f Wt o f Conversion*3 A n a ly s i s io DVHHP % EtA
DVHHP EtA 1° % by wt by wt
g g C H N
0 .2 8 9 1.711 2 .8 5 9 .02 7 .9 5 4 .0 8 2 2 .1 7 7 7 .8 3
0 .5 5 0 1 .450 3 .2 6 0 .3 8 8 .0 4 6 .0 4 3 2 .82 6 7 .1 7
0 .7 9 0 1 .210 6 .9 6 0 .8 3 8 .1 6 6 .9 7 3 7 .88 6 2 .1 2
0 .9 8 4 1 .016 6 .2 60 .69 8 .0 4 7 .5 6 41 .0 8 5 8 .9 2
1 .007 0 .9 9 3 4 .9 6 0 .96 8 .0 7 7 .5 3 4 0 .9 2 5 9 .0 8
1 .1 0 8 0 .8 9 2 3 .9 5 9 .4 8 7 .99 8 .1 7 4 4 .4 0 5 6 .6 0
1 .2 0 8 0 .7 9 2 6 .5 6 0 .9 3 8 .0 2 8 .4 9 4 6 .1 4 53 .86
1 . 590 0 .6 1 0 3 .3 60 .85 8 .1 9 8 .6 4 4 6 .9 6 53 .04
1 .5 6 0 0 .4 4 0 5 .3 6 0 .9 0 8 .1 5 9.31 5 0 .60 4 9 .4 0
1 .7 1 8 0 .2 8 2 3 .7 60 .16 8.1 6 9 .4 9 51 .57 4 8 .4 3
1 .862 0.1 38 4 .9 61 .0 8 8 .1 5 11 .8 5 6 4 .4 0 3 5 .6 0
a p o ly m e r is e d  a t  10$ w/w monomer c o n c e n t r a t i o n  i n  b en ze n e  w i th  0 . 2  m ole %
4* 0a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r  a t  60 -  0.1 C.
e s t i m a t e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  i n  l i g h t  p e t ro le u m  ( b . p .  4 0 -  
60° )

Table 2.6
C o p o ly m e r i s a t io n  o f  1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  ( DVHHP) w i th  e t h y l
a c r y l a t e  (E tA ) .
Feed
•IS  — * -*-.7
Copolymer
mole mole fo mole °/o mole %
DVHHP EtA DVHHP EtA
Mi M2 m1 m2
1 0 .00 9 0 .0 0 15 .79 84.21
2 0 .0 0 8 0 .0 0 2 4 .3 4 7 5 .6 6
30 .00 7 0 .0 0 2 8 .6 5 71 .35
3 5 .0 0 6 5 .00 31 .46 6 8 .5 4
4 0 .0 0 6 0 .0 0 31 .22 6 8 .6 8
4 5 .0 0 5 5 .0 0 3 4 .4 7 6 5 .5 3
5 0 .0 0 50 .00 3 6 .0 7 6 3 .9 3
6 0 .0 0 4 0 .0 0 36 .82 6 3 .1 8
7 0 .0 0 3 0 .0 0 4 0 .2 8 5 9 .7 2
8 0 .0 0 2 0 .0 0 41 .22 5 8 .7 8
9 0 .0 0 1 0 .0 0 5 4 .3 7 4 5 .6 3
From th e  sh ap e  o f  F ig u r e  2 .4  t h e  r e a c t i v i t y  r a t i o s ,  r .  and  r  , w ere  p r e d i c t e d
83to  be b o th  l e s s  th a n  one . The p o i n t  w here t h e  monomer and  copo lym er c u r v e s  
i n t e r s e c t ,  t h e  a z e o t r o p i c  c o p o l y m e r i s a t i o n  c o m p o s i t io n ,  o c c u r s  a t  2 7 .5  
mole %. The d a t a  c a l c u l a t e d  f o r  p l o t t i n g  g ra p h s  a c c o r d in g  to  t h e  F inem an.- 
Ross e q u a t io n s  i s  g iv e n  i n  T ab le  2 . 7 .
..I...
500
F ig u r e  2c4
i’ionomer -  pol ymer c o m p o s i t io n  c u rv e  f o r  t he  c o p o l y m e r i s a t i o n  o f
1 , 5-“d i v i n y l h e:ie.ii.ydropyr im id -2 -o n e  v.dth e t h y l  a c r y l a t e  a t  6 0 .
Table 2.7
D a ta  f o r  F inem an—Ross p l o t s  f o r  t h e  c o p o l y m e r i s a t i o n  o f  1 . 3 - d iv in y lh e x a -  
h y d ro p y r im id -2 -o n e  w i th  e t h y l  a c r y l a t e .
’ = M1
M2
f  = m1 
m2
f-1 F / f F2 ( F / f ) ( f - 1 ) F 2 // f f-1
F
f
F 2
0.111 0 .1 8 7 - 0 .8 1 3 0 .5 9 3 0 .0 1 2 - 0 .4 8 2 0 .0 6 5 - 7 .3 2 4 1 5 .2 0 3
0 .2 5 0 0 .3 2 2 - 0 .6 7 8 0 .7 7 6 0 .0 6 2 - 0 .5 2 6 0 .1 9 4 - 2 .7 1 2 5 .1 5 2
0 .4 2 8 0.401 - 0 .5 9 9 1 .067 0 .1 8 3 -0 .6 3 9 0 .4 5 6 -1 .399 2.191
0 .5 5 8 0 .4 5 9 -0 .541 1 .172 0 .2 8 5 - 0 .6 3 4 0.621 i _X « o o (j'l 1 .6 1 0
0 .6 6 6 0 .4 5 6 - 0 .5 4 4 1 .462 0 .4 4 3 - 0 .7 9 5 0.971 - 0 .8 1 7 1 .0 2 9
0 .8 1 8 0 .5 2 6 - 0 .4 7 4 1 .555 0 .6 6 9 - 0 .7 3 7 1 .272 - 0 .5 7 9 0 .7 8 6
1 * 000 0 .5 6 4 -0 .4 3 6 1 .773 1 .000 - 0 .7 7 3 1 .773 - 0 .4 3 6 0 .5 6 4
1 .5 0 0 0 .5 8 3 - 0 .4 1 7 2 .5 7 3 2 .2 5 0 -1 .073 3 .859 - 0 .2 7 8 0 .2 5 9
2 .5 3 3 0 .6 7 4 - 0 .3 2 6 3.461 5 .4 4 4 - 1 .1 2 8 8 .0 7 6 - 0 .1 4 0 0 .1 2 4
4 .0 0 0 0.701 - 0 .2 9 9 5 .706 16 .000 - 1 .7 0 6 22 .824 - 0 .0 7 5 0 .0 4 4
9 .0 0 0 1.191 + 0.191 7 .5 5 7 8 1 .0 0 0 + 1 .4 4 3 68 .0 1 0 +0 .002 0 .0 1 5
F i g u r e s  2 .5  and 2 .6  show p l o t s  o f  ( F / f ) ( f - l )  v s .  F 2/ f  and  f - 1 / f  v s .  f / F 2 , 
r e s p e c t i v e l y  from  t h e  d a t a  i n  T ab le  2 . 7 .  The r e a c t i v i t y  r a t i o s  o b t a i n e d  
from  th e  i n t e r c e p t s  and s l o p e s  o f  F i g u r e s  2 .5  and 2 .6  a r e  shown i n  T a b le  
2.8.
T ab le  2 .8
R e a c t i v i t y  r a t i o s  o f  1 . 5 -d iv in y lh jg x £ h y d ro p y r im id -2 -o n e  and e t h y l  a c r y l a t e
System From p l o t  o f  e q u a t io n  ( 2 - 4 )
From p l o t  o f  
e q u a t i o n  ( 2 - 5 )
( F i g u r e  2 .5 ) ( F i g u r e  2 . 6 )
r 1 r 2 r ,  r  1 2
1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  ( m^ ) 0 .1 3  0 .5 6 0 .1 4  0 .5 3 8
e t h y l  a c r y l a t e  (M^)
r 1 = 0 .1 3 7 ,  r 2 = 0 .5 4 9  a
a r e s u l t s  from  com puter  program  (A ppend ix  1)

ov~eoi!«>uu
t1-CO
00
CM
OI
CO<C“I
-CM
LT\OJ•rl
Fineman-Ross plot for the c o p o ly m e r is a t io n  of 1« 3 -d iv in y lh e :c a h y d ro p y r im id ~ 2 -o n e  with ethyl a c r y l a t
to
CMU.
CM
OO CM CO
VO
CM
0Jh
a
•rlP>4
0-PcjrH
uOcd
rH
A-P0
-P•H
0C501CMI
•HS•H
ft
P0 fH 
rd >;
CdM0ArH>:fl•H>•H'd1to]
'HO
£o•H-P002•HUO
S
rHOP-Oo
0Ap
pO<H
-Po
02
to0041 £  id5  06  •H to
U sin g  e q u a t io n s  ( 2 - 8 )  and ( 2 - 9 )  and  Q = 0 ,5 2  and  e = 0 .2 2  f a r  e t h y l  • 
a c r y l a t e ,  t h e  c a l c u l a t e d  Q and e v a l u e s  f o r  1 , 3 - d iv i n y lh e x a h y d r o p y r i m id -
2 -o n e  w ere Q = 0 .6 8  and e = - 1 .4 0 .  The Q and e v a l u e s  o b t a i n e d  f o r  1 , 3 -  
d iv in y lh e x a h y d r o p y r im id - 2 - o n e  a r e  compared w i th  th o s e  f o r  o t h e r  N -v in y l  
compounds i n  C h a p te r  2 .5*  S u b s t i t u t i o n  o f  th e  r^ and r ^  v a l u e s  o b t a in e d  
i n t o  e q u a t io n  (2 - 1 0 )  g i v e s  t h e  c r i t i c a l  monomer f e e d  a s  33*6 mole $ 1 , 3 -  
d iv in y lh e x a h y d r o p y r im id - 2 - o n e  compared to  2 8 .0  mole $  o b t a i n e d  from  
F ig u r e  2 . 4 .  A ga in ,  o n ly  th e  b e s t  v a l u e s  o f  r , ( and r ^  w ere c a l c u l a t e d  and  
th e  c o r r e s p o n d in g  s t a n d a r d  d e v i a t i o n s  w ere  n o t  d e te rm in ed *
2 .4  C o p o ly m e r i s a t io n  o f  1- E t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  w i th  E th y l  
A c r y l a t e
M ix tu re s  o f  1- e t h y l - 3—'v i n y l im i d a z o l i d - 2 - o n e  and e t h y l  a c r y l a t e  t o t a l  
w e ig h t  2*000g, w ere copolym erised.- i n  b en ze n e  to  low c o n v e r s io n s  u s i n g  
a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r .  N i t r o g e n  a n a l y s i s  o f  t h e  p u r i f i e d  
co po lym ers  e n a b le d  c a l c u l a t i o n  o f  t h e  p e r c e n ta g e  and mole p e r c e n t a g e  o f  
1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  r e s i d u e s  i n  t h e  co p o ly m e rs .  The monomer 
f e e d s ,  c o n v e r s io n s  and a n a l y s e s  a r e  g iv e n  i n  T a b le  2 .9* The monomer -  
copo lym er c o m p o s i t io n  d ia g ra m  F ig u r e  2 .7  i s  p l o t t e d  from  t h e  mole 
p e r c e n t a g e  d a t a  i n  T ab le  2 .1 0 .

Table 2.9
C o p o ly m e r is a t io n  o f  1- o t h y l - 3 —v i n y l i m i d a z o l i d - 2 - o n e  (EV l) w i th  e t h y l
a c r y l a t e  (E tA )a 
Feed Copolymer
Wt o f  
BVI
S
Wt o f  
EtA
S
C o n v e rs io n ^
%
C
A n a ly s i s
7°
H N
% EVT 
by wt
% EtA 
by wt
0 .2 6 9 1 .731 3.1 5 9 .3 8 8 .0 8 1 .97 9 .8 2 9 0 .1 8
0 .5 1 8 1 .482 2 .6 5 8 .6 7 8 .3 0 6 .4 0 31 .90 6 8 .1 0
0 .7 5 0 1 .250 4 .3 5 8 .9 3 8 .4 8 8 .3 6 41 .67 5 8 .3 3
0 .9 6 5 1 .035 5 .8 5 9 .80 8 .4 0 9 .0 3 45.01 5 4 .99
1 .1 6 7 0 .8 3 3 5 .3 58 .79 8 .3 8 9 .5 2 4 7 .4 6 5 2 .5 4
1 .5 5 5 0 .6 4 5 4.1 59.11 8 .4 9 1 0 .3 4 51 .55 4 8 .4 5
1.531 0 .469 2 .4 5 8 .6 8 8.41 11 .0 8 5 5 .2 3 4 4 .7 7
1 .6 9 7 0 .3 0 3 6 .5 58 .79 3 .4 7 11 .46 5 7 .1 3 4 2 .8 7
1 .8 5 3 0 .1 4 7 2.1 5 8 .8 3 8 .5 2 11 .3 3 5 6 .4 8 4 3 .5 2
a p o ly m e r is e d  a t  10% w/w monomer c o n c e n t r a t i o n  i n  b en ze n e  w i th  0 . 2  mole %
“4“ Oa z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r  a t  60 -  0.1  C
e s t i m a t e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  i n  l i g h t  p e t ro le u m  ( b . p .  4 0 -  
60°)

Table 2,10
C o p o ly m e r is a t io n  o f  1- e t h y l - 5 - v i n y l i m i d a z o l i d - 2 - o n e  (EV l) w i th  e t h y l  
a c r y l a t e  (E tA)
Peed Copolymer
mole Jo 
EVI
M1
mole % 
EtA 
M2
mole % 
EVI
m,1
mole % 
EtA
2
1 0 .0 0 9 0 .0 0 7 .2 2 9 2 .7 8
2 0 .0 0 8 0 .0 0 2 5 .2 4 7 4 .7 6
3 0 .00 7 0 .0 0 33 .80 6 6 .2 0
4 0 .0 0 60 .00 36 .92 6 3 .0 8
5 0 .0 0 50 .00 3 9 .24 6 0 .7 6
6 0 .0 0 4 0 .0 0 43.21 56 .79
7 0 .0 0 30 .00 4 6 .8 7 5 3 .1 3
8 0 .0 0 20 .00 4 8 .8 0 51 .20
9 0 .0 0 1 0 .0 0 4 8 .1 3 5 1 .8 7
The sh ap e  o f  F ig u r e  2 .7  e n a b le s  a  p r e d i c t i o n  to  be  made o f  t h e  r e a c t i v i t y  
83r a t i o s  • I n  t h i s  c a s e ,  b o th  r^ and r ^  a r e  p r e d i c t e d  to  be  l e s s  th a n  o n e .  
The a z e o t r o p i c  c o p o l y m e r i s a t io n  c o m p o s i t io n  o c c u r s  a t  3 6 .5  mole °/o 1 - e t h y l -
3 - v i n y l i m i d a z o l i d - 2 - o n e .  T ab le  2.11 g i v e s  t h e  c a l c u l a t e d  d a t a  f o r  th e  
P inem an—Ross p l o t s  which a r e  shown i n  F ig u r e s  2 .8  and 2 . 9 .
0 50
151
F ig u re  2 .7
Monomer - -polymer composition curve for the copoiynierisation of
T ab le  2.11
D a ta  f o r  F inem an—Ross p l o t s  f o r  t h e  c o p o l y m e r i s a t i o n  o f  1- e t h y l - 5- 
v i n y l i m i d a z o l i d - 2 - o n e  w i th  e t h y l  a c r y l a t e .
F = M1
m2
f  = m1 
m2
f-1 F / f F2 ( F / f ) ( f - 1  )
CM f-1
F
f
F2
0.111 0 .0 7 3 - 0 .9 2 2 1 .423 0 .0 1 2 -1 .31 2 0 .1 5 4 - 8 .3 0 6 6 .5 0 0
0 .2 5 0 0 .3 3 7 - 0 .6 6 3 0 .7 4 2 0 .0 6 2 - 0 .4 9 2 0 .1 8 4 - 2 .6 5 2 5 .4 3 5
0 .4 2 8 0 .5 1 0 - 0 .4 9 0 0 .8 3 9 0 .1 8 3 -0 .4 1 1 0 .3 5 9 -1 .145 2 .7 8 7
0 .6 6 6 0 .5 8 3 - 0 .4 1 5 1 .139 0 .4 4 3 - 0 .4 7 3 0 .7 5 7 - 0 .6 2 2 1 . 32C
1 .0 0 0 0 .6 4 6 - 0 .3 5 4 1 .5 4 8 1 .000 - 0 .5 4 8 1 .5 4 8 - 0 .3 5 4 0 .6 4 6
1 .5 0 0 0.761 - 0 .2 3 9 1.971 2 .2 5 0 -0 .471 2 .9 5 6 - 0 ,1 5 9 0 .3 3 8
2 .5 3 3 0 .8 8 2 - 0 .1 1 8 2 .6 4 5 5 .444 - 0 .3 1 2 6 .1 7 2 - 0 .0 5 0 0 .1 6 2
4 .0 0 0 0 .9 5 3 - 0 .0 4 7 4 .1 9 7 1 6 .0 0 0 - 0 .1 9 7 16 .789 -0 .0 1 2 0 .0 5 9
9 .0 0 0 0 .9 2 8 - 0 .0 7 2 9 .6 7 0 81 .0 0 0 - 0 .6 9 6 8 7 .2 8 4 - 0 .0 0 8 0.011
The s l o p e s  and i n t e r c e p t s  c a l c u l a t e d  from F i g u r e s  2 .8  and  2 .9  g iv e  t h e  
r e a c t i v i t y  r a t i o s  f o r  t h e  two monomers; T a b le  2 .1 2  shows t h e  v a l u e s  
o b t a i n e d .
T ab le  2 .1 2
R e a c t i v i t y  r a t i o s  o f  1- e t h y l - 5 - v i n y l i m i d a z o l i d - 2 - o n e  and e t h y l  a c r y l a t e .
From p l o t  o f From p l o t  o f
System e q u a t io n (2 ~ 4 ) e q u a t i o n ( 2 - 5 )
( F i g u r e  2 .8 ) F i g u r e  ( 2 . 9 )
r 1 r 2 r  r  r 1 2
1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  ( m^ ) , 0 .0 9  0 .4 8 0 .0 7  0 .5 0
e t h y l  a c r y l a t e  ( m^)
r^ = 0 .0 9 4 ,  r 2 = 0 . 5 3 a
a r e s u l t s  from com pute r  program  (A ppendix  1)
J
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Inernan-Ross plot for the c o p o ly ra e r is a t io n  of 1- e th y l - 5 - v in .y l im id a z o l id ~ 2 ~ o n e  with ethyl a c r y l a t e .

The Q, and  e v a l u e s  o b t a i n e d  f o r  1 - e t h y l - 3 - 'v in y l i m id a z o l i d - 2 - o n e  u s i n g  - 
e q u a t io n s  ( 2- 8 ) and ( 2- 9 ) and Q = 0 .5 2  and  e = 0 .2 2  f o r  e t h y l  a c r y l a t e ,  
a r e  Q =* 0 .6 7  and e = -1 .5 3 *  The Q and e v a l u e s  o b t a i n e d  f o r  1- e t h y l - 3 -  
v i n y l i m i d a z o l i d - 2 - o n e  a r e  com pared w i th  th o s e  f o r  o t h e r  N -v in y l  compounds 
i n  C h a p te r  2 . 5 .  S u b s t i t u t i o n  o f  t h e  r^ and r ^  v a l u e s  o b t a i n e d  i n t o  
e q u a t io n  ( 2- 1 0 ) g iv e s  a  v a l u e  o f  3 5 .7  mole f o r  th e  c r i t i c a l  monomer f e e d  
compared w i th  a  v a lu e  o f  3 6 .5  mole $  o b t a i n e d  from  F ig u r e  2 . 7 .  T h is  
ag ree m en t seems to  be  s a t i s f a c t o r y .
2 .5  Com parison o f  th e  C o p o ly m e r is a t io n  B e h a v io u r  o f  N -V iny l Monomers.
The r e a c t i v i t y  r a t i o s  r^ and  r ^  f o r  t h e  c o p o l y m e r i s a t i o n  o f  a l l  t h e  
N -v in y l  monomers s t u d i e d  and e t h y l  a c r y l a t e  w ere  b o th  l e s s  th a n  o n e .  In  
such  c a s e s  and ^ 2 ^  ^ 21 * S0 ^ e r e  i s  a  s t r o n g  te n d a n c y  to
form  a l t e r n a t i n g  co p o ly m ers .  T h is  was e v i d e n t  from  th e  t im e s  r e q u i r  ed f o r  
t h e  p o l y m e r i s a t i o n  o f  t h e  v a r i o u s  c o m p o s i t io n s  o f  th e  N - v in y l  monomers and  
e t h y l  a c r y l a t e  to  r e a c h  5% c o n v e r s io n .  When th e  c o n c e n t r a t i o n  o f  e t h y l  
a c r y l a t e  was low th e  p o l y m e r i s a t i o n  to o k  s e v e r a l  h o u r s  to  y i e l d  
a p p r o x im a te ly  5% c o n v e r s io n ,  b u t  a s  t h e  c o n c e n t r a t i o n  o f  e t h y l  a c r y l a t e  
i n c r e a s e d  so t h e  t im e  to  r e a c h  a p p r o x im a te ly  5% c o n v e r s io n  d e c r e a s e d .  
F i n a l l y ,  when th e  c o n c e n t r a t i o n  o f  e t h y l  a c r y l a t e  was h ig h  t h e  t im e  to  
g iv e  a p p ro x im a te ly  5$ c o n v e r s io n  i n c r e a s e d .  T h is  b e h a v io u r  i s  c o n s i s t e n t  
w i th  r^ and r ^  b e in g  l e s s  th a n  o n e , s i n c e  t h e  g r e a t e s t  r a t e  o f  f o r m a t io n  o f  
an a l t e r n a t i n g  copo lym er would be when t h e  c o n c e n t r a t i o n s  o f  b o th  comonomers 
wore a p p r o x im a te ly  e q u a l .  When one  comonomer i s  p r e s e n t  i n  a  h ig h  
c o n c e n t r a t i o n  t h e  g row ing  po lym er c h a in  h a s  s t a t i s t i c a l l y  l e s s  c h an c e  to  
r e a c t  w i th  a n o t h e r  monomer m o le c u le  i n  c o r r e c t  seq u e n c e  and t h e  r a t e  o f  
p o l y m e r i s a t i o n  i s  d im in is h e d .
The v a l u e s  o f  r ^  u n d e r  d i s c u s s i o n  a r e  th e  r e a c t i v i t y  r a t i o s  f o r  e t h y l  
a c r y l a t e  r e l a t i v e  to  t h e  N - v in y lu r e a  m o le c u le s .  I f  th e  r e a c t i v i t y  r a t i o s  
( r 2 ) o f  e t h y l  a c r y l a t e  r e l a t i v e  to  t h e  N -v in y l  g ro u p s  i n  t h e  N - v i n y l u r e a s  
a r e  c a l c u l a t e d ,  we o b ta in s
e t h y l  a c r y l a t e  -  1 , 3- d i v i n y l i m i d a z o l i d - 2- o n e  (R2=2r 2 ) ,  R ^ O .7 7 6
e t h y l  a c r y l a t e  -  1 , 3- d i v i n y l h e x a h y d r o p y r i m i d - 2- o n e  (R 2=2r ^ )»  R2=1*098
e t h y l  a c r y l a t e  -  1- e t h y l - 3- v i n y l i m i d a z o l i d - 2-o n e  ( R2==r2 ^
Thus, th e  N -v in y l  g ro u p s  i n  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 - d i v i n y l -
h e x a h y d ro p y r im id -2 -o n e  a r e  l e s s  r e a c t i v e ■th a n  th e  N - v in y l  g ro u p  i n  1 - e t h y l -
3 - v i n y l i m i d a z o l i d - 2 - o n e .  T h is  seems to  s u p p o r t  t h e  p r o p o s a l  o f  Crawshaw 
55and J o n e s  , t h a t  a c o n ju g a te d  ( r e s o n a n c e  s t a b i l i s e d )  s t r u c t u r e  w ould 
e x p l a i n  t h e i r  i n a b i l i t y  to  c y c lo p o ly m e r i s e .
T a b le  2 .1 3  g i v e s  t h e  Q, and  e v a l u e s  f o r  some N -v in y l  monomers w i th  
t h e  v a l u e s  o b t a in e d  f o r  1 , 3 - d i v i n y l i m i d a z o I i d - 2 - o n e ,  1 , 3 - d iv i n y lh e x a h y d r o -  
p y r im id - 2 - o n e  and 1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  i n c lu d e d  f o r  co m p a r iso n .
T a b le  2 .1 3
a
Q and e p a r a m e te r s  f o r  some N - v in y l  monomers
Monomer e Q
N -V in y lu re th a n e -1 .62 0 .1 9
1 , 3 - D i v i n y l i n i d a z o l i d - 2 - o n e -1 .5 8 0 .8 4
N, N - D i v i n y l a n i l i n o -1 .54 0 .1 9
N - E th y l -N - v in y lu r e a - 1 .5 3 0.1 3
1 - E t h y l - 3 ~ v i n y l i n i d a z o l i d - 2 - o n e - 1 . 5 3 0 .6 7
N -V in y lp h th a l im id e -1 .5 3 0 .3 6
N -V in y lc a r b a z o le b - 1 .4 9 0 .2 8
1 , 3 -D iv in y lh e x a h y d ro p y r im id -2 -o n e -1 .40 0 .6 8
S-E th y l-N -n e th y 1 -N -v in y lm o n o  t h i o  c a rb a m a te - 1 .2 9 0.11
N -N -E th y le n e -N 1- v i n y l u r e a - 1 .1 9 0 .1 8
N -V iny l g l y c i d y l u r e t h a n e - 1 .1 5 0 .1 8
N - V in y lp y r r o l id - 2 - o n e - 1 .1 4 0 .1 4
N -M e th y l -N -v in y l -p - to lu e n e s u lp h o n a m id e -1 .10 0 .0 8 2
N -V in y l - 2 - o x a z o l id o n e - 0 .8 0 0 .0 5 7
N -Viny1sue  c in im id e - 0 .3 4 0.1  3
a v a l u e s  t a k e n  from  r e f e r e n c e  85 u n l e s s  o th e r w i s e  s t a t e d
r e f e r e n c e  86
The v a l u e s  i n  T ab le  2 .1 3  show t h a t  t h e  e v a l u e s  f o r  t h e  new N - v in y l  
compounds a r e  c o n s i s t e n t  w i th  o t h e r  N - v in y l  monomers. S in c e  t h e  N - v in y l  
g roup  w i l l  d o m in a te  t h e  c o p o l y m e r i s a t i o n  b e h a v io u r ,  and t h e  i n f l u e n c e  o f  
th e  v a r i o u s  N - s u b s t i t u e n t s  w i l l  be v e r y  s i m i l a r ,  i t  i s  u n d e r s t a n d a b l e  t h a t  
t h e  p a r a m e te r ,  e , which d e n o te s  th e  p o l a r  p r o p e r t i e s  o f  t h e  monomers and 
t h e i r  r a d i c a l s ,  w i l l  be  s i m i l a r  f o r  t h i s  s e r i e s  o f  compounds.
The Q, v a l u e s  f o r  t h e  new monomers a r e  much h i g h e r  th a n  t h o s e  f o r  t h e  
o t h e r  monomers. However, s i n c e  t h e  Q,-e scheme i s  an e m p i r i c a l  method o f  
a n a l y s i s ,  t h e  p a ra m e te r s  o f  which a r e  s u s c e p t i b l e  o n ly  t o  a  q u a s i - t h e o r e t i c a l  
i n t e r p r e t a t i o n ,  i t  w ould be e x t e n d in g  t h e  s i g n i f i c a n c e  o f  t h e  scheme
beyond t h e  a u t h o r s ’ i n t e n t i o n  to  a t t a c h  fu n d a m e n ta l  im p o r ta n c e  to  t h e s e  
h ig h  r e s u l t s .
2 .6  A tte m p ted  C o p o ly m e r is a t io n  o f  1 , 3 -D ipheny1-1 , 3 - d i v i n y l u r e a  w i th  
V a r io u s  Comonomers.
P r e v i o u s l y  i t  h a s  b een  r e p o r t e d  t h a t  1 ,3 -d ip h e n y l - 1  , 3 - d i v i n y l u r e a
55 4does  n o t  hom opo lym erise  , and t h i s  b e h a v io u r  a t t r i b u t e d  to  t h e  f o r m a t io n  
o f  a  r e s o n a n c e  s t a b i l i s e d  f r e e  r a d i c a l  (C h a p te r  1 . 4 ) .  Such a r a d i c a l  may 
i n f l u e n c e  th e  p o l y m e r i s a t i o n  o f  o t h e r  monomers i n  c o p o l y m e r i s a t i o n  r e a c t i o n s .
M ix tu re s  o f  1 , 3 -d ip h e n y l -1  , 3 - d i v i n y l u r e a  and 1 *3 - d i v i n y l i m i d a z o l i d - 2 -  
one o r  1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  were p r e p a r e d ,  i n i t i a t o r  (1 mole 
%) added , and th e  m ix tu re  h e a t e d  a t  150° f o r  5h. On c o o l i n g  no p o l y m e r i s a t i o n  
c o u ld  be d e t e c t e d ,  t h e  i n f r a r e d  sp e c tru m  show ing e s s e n t i a l l y  a  m ix tu r e  o f  
t h e  two monomers. The po lym er tu b e  was p u rg ed  w i th  n i t r o g e n ,  r e s e a l e d ,  2 
mole c/o i n i t i a t o r  added and th e  m ix tu r e  h e a t e d  f o r  a f u r t h e r  5h a t  1 5 0 ° .
A gain  no p o l y m e r i s a t i o n  c o u ld  be d e t e c t e d .  The p r o c e s s  was r e p e a t e d  w i th  
5 mole $  o f  i n i t i a t o r ,  which a g a in  r e s u l t e d  i n  no p o l y m e r i s a t i o n .  The 
f a i l u r e  o f  m ix tu r e s  o f  1 , 3 -d ip h e n y l -1  , 3 - d i v i n y l u r e a  and o t h e r  N , N ' - d i v i n y l -  
u r e a s  to  p o ly m e r i s e  i s  a t t r i b u t e d  to  th e  a b i l i t y  o f  1 , 3 - d i p h e n y l - 1 , 3 -  
d i v i n y l u r e a  to  quench r a d i c a l s  form ed by t h e  d e c o m p o s i t io n  o f  t h e  i n i t i a t o r .  
F i n a l l y ,  an  e x c e s s  o f  i n i t i a t o r ,  c o r r e s p o n d in g  to  a  t o t a l  c o n c e n t r a t i o n  o f  
101 mole ^  (b a s e d  on 1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a ) , was a d d e d .  A f t e r  4 .5 h  
a t  150° h a r d  g l a s s y  p o ly m ers  w ere o b ta in e d  which a f t e r  g r i n d i n g  to  a 
powder and e x t r a c t i n g  w i th  e th a n o l  had  i n f r a r e d  s p e c t r a  a lm o s t  i d e n t i c a l  
to  t h e  s p e c t r a  o f  p o l y ( 1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e )  o r  p o ly (  1, 3 - d i v i n y l -  
h e x a h y d r o p y r im id - 2 - o n e ) ,  r e s p e c t i v e l y .  The s p e c t r a , a f t e r  e x t r a c t i o n ,  
showed i n f r a r e d  bands a t  700 and 760 cm w hich w ere a t t r i b u t e d  to  e i t h e r  
r e s i d u a l  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  a s  an end g ro u p ,  o r ,  to  some 
c o p o l y m e r i s a t i o n  o f  1 , 3 -d ip h e n y l -1  , 3 - d i v i n y l u r e a  w i th  t h e  N ,N ’- d i v i n y l u r e a  
co-monomer. T ab le  2 .1 4  sum m arises  t h e  r e s u l t s  o b t a in e d .
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Table 2.14
A tte m p ted  c o p o l y m e r i s a t i o n  o f  1 , 5 -d ip h e n y l -1  . 3 - d i v i n y l u r e a  (DPDVU) w i th  
o t h e r  N .Ut -d iv in y iu rC ia s a
p eed
wt o f wt o f wt o f I n i t i a t o r b Time R e s u l t
DPDVU DVI DVHHP mole $ C h
g g g In c re m e n t T o ta l In c re m e n t T o t a l
0 .5 0 0 .5 0 - 1 1 5 5 no po lym er
11 ii - 2 3 5 10 it
n it - 5 8 4 .5 1 4 .5 it
i? it - 93 101 4 .5 1 9 .0 p o ly  (DVl)
0 .5 0 - 0 .5 0 1 1 5 5 no po lym er
it - u 2 3 5 10 ti
tt - it 5 8 4 .5 1 4 .5 it
it - it 93 101 4 .5 1 9 .0 p o ly  (DVHHP)
9* Ob u lk  p o l y m e r i s a t i o n  a t  1 50 C
*j^
d i - t e r t . - b u t y l  p e r o x id e
Q w ith  r e s p e c t  to  DPDVU o n ly
Some monomers do n o t  hom opolym erise  b u t  a r e  v e r y  r e a c t i v e  i n  c o p o ly m e r i ­
s a t i o n ,  e . g .  m a le ic  a n h y d r id e  does  n o t  r e a d i l y  h om opo lym erise  b u t  fo rm s  
a  h i g h l y  r e g u l a r  a l t e r n a t i n g  copolym er when c o p o ly m e r is e d  w i th  s t y r e n e .  
When 1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  was i n v e s t i g a t e d  a s  a  comonomer w i th  
v i n y l  a c e ta t e .  e t h y l  a c r y l a t e ,  m e th y l  m e t h a c r y l a t e  and a c r y l i c  a n h y d r id e ,  
no p o l y m e r i s a t i o n  o c c u r r e d  f o r  50$ w/w b u lk  p o l y m e r i s a t i o n s  w i th  2 -3  rao3e 
$  o f  i n i t i a t o r .  I n  each  c a s e  a  sam ple  o f  t h e  p u re  monomer g ave  h ig h  
y i e l d s  o f  homopolymer u s i n g  i d e n t i c a l  c o n d i t i o n s  to  t h o s e  w hich  f a i l e d  
to  g iv e  a  po lym er when 50$ o f  t h e  monomer was r e p l a c e d  by 1 , 3 - d i p h e n y l —
1 . 3 - d i v i n y l u r e a .  These r e s u l t s  seemed to  s u g g e s t  t h a t  1 , 3 - d i p h e n y l - 1 , 3 -  
d i v i n y l u r e a  was a c t i n g  a s  an i n h i b i t o r  f o r  t h e s e  comonomers. T h is  
s u g g e s t i o n  would s u p p o r t  t h e  p r o p o s a l  t h a t  t h e  r a d i c a l  from  1 , 3 - d i p h e n y l -
1 . 3 - d i v i n y l u r e a  i s  h i g h l y  r e s o n a n c e  s t a b i l i s e d ,  u n a b le  to  h o m o p ro p ag a te
o r  to  p r o p a g a t e  i n  c o p o l y m e r i s a t i o n  r e a c t io n s .H o w e v e r ,  when c o p o l y m e r i s a t i o n  
o f  1 , 3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a  was a t t e m p te d  w i th  s t y r e n e  a s  comonomer, 
some po lym er p r e c i p i t a t e d  when th e  r e a c t i o n  m ix tu r e  was p o u re d  i n t o  
m e th a n o l .  The r e s u l t s  o b t a i n e d  a r e  g iv e n  i n  T a b le  2 .1 5 •
T ab le  2 .1 3
A ttem p ted  c o p o l y m e r i s a t i o n  o f  1 ,3 -d ip h e n y l - 1  , 3 - d i v i n y l u r e a  w i th  s t y r e n e
Peed Copolymer
$  DPDVU 
by wt
$  s t y r e n e  
by wt
C o n v ers io n ^
$
$  DPDVU° 
i n  po lym er 
by wt
„ ,d  Reduced
S p e c i f i c
V i s c o s i t y
0 .0 100 .00 22 0 .0 0 .2 5 6
5 .0 9 5 .0 20 1 .5 0 .2 2 8
1 0 .0 9 0 .0 18 2 .3 0.1 66
2 0 .0 8 0 .0 16 2 .7 0 .1 2 4
30 .0 7 0 .0 14 3 .5 0 .1 0 9
a p o ly m e r i s e d  a t  50$ V7/w monomer c o n c e n t r a t i o n  i n  b en ze n e  w i th  0 . 5 $  W/w 
a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r  f o r  5h a t  70°C
| |
e s t i m a t e d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  i n  m e thano l
Q c a l c u l a t e d  from  n i t r o g e n  a n a l y s i s  
d e te rm in e d  i n  t o l u e n e
The r e s u l t s  a p p e a r  to  i n d i c a t e  t h a t  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  d o es  n o t  
c o p o ly m e r is e  w i th  s t y r e n e  b u t  i n  f a c t  adds  on to  t h e  p r o p a g a t i n g  p o ly m er  
c h a in  a s  an end g ro u p .  T h is  i s  s u g g e s te d  by t h e  sm a l l  amount o f  1 , 3 -  
d i p h e n y l - 1 , 3 - d i v i n y l u r e a  i n c o r p o r a t e d  i n  th e  po lym er and t h e  d e c r e a s e  i n  
p e r c e n t a g e  c o n v e r s io n  w i th  i n c r e a s i n g  u r e a  c o n t e n t  f o r  a f i x e d  p o l y m e r i s a t i o n  
t im e .  These r e s u l t s  would be e x p e c te d ,  s i n c e  a  l a r g e r  p e r c e n t a g e  o f  1 , 3 -  
d i p h e n y l - 1 , 3 - d iv i n y u r e a  would t e r m i n a t e  more g row ing  po lym er c h a i n s  by 
fo rm in g  end g ro u p s  r e s i s t a n t  to  f u r t h e r  p r o p a g a t i o n .  The v i s c o s i t y  o f  t h e
p o ly m ers  r e f l e c t s  t h e  m o le c u la r  w e ig h t ,  w h ich , i f  end g ro u p s  a r e  t e r m i n a t i n g  
th e  p r o p a g a t io n ,  would be e x p e c te d  to  be lo w e r  f o r  a h i g h e r  p e r c e n ta g e  o f  
t e r m i n a t i n g  s p e c i e s .  The r e s u l t s  i n d i c a t e  t h a t  t h i s  i s  th e  c a s e ,  th e  
v i s c o s i t y  d e c r e a s e s  a s  t h e  c o n c e n t r a t i o n  o f  1 y3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a  
i n c r e a s e s .
O b v io u s ly ,  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  i s  n o t  a c t i n g  a s  an i n h i b i t o r
i n  s t y r e n e  p o l y m e r i s a t i o n s  b u t  t h e  r e s u l t s  s u g g e s t  t h a t  some r e t a r d a t i o n
i n  t h e  r a t e  o f  p o l y m e r i s a t i o n  i s  o c c u r r i n g .  F o r  i d e n t i c a l  p o l y m e r i s a t i o n
t im e s  th e  c o n v e r s io n  d ro p s  from  22 to  14$ a s  t h e  c o n c e n t r a t i o n  o f  1 , 3 -
d i p h e n y l - 1 , 3 - d i v i n y l u r e a  i s  r a i s e d  from  0 to  30$. I t  i s  u s e f u l  a t  t h i s
s t a g e  to  d e f i n e  th e  te rm s  i n h i b i t o r  and r e t a r d e r .  The g e n e r a l l y  a c c e p t e d  
87 88c l a s s i f i c a t i o n  * i s  t h a t  i n h i b i t o r s  and r e t a r d e r s  a r e  s u b s t a n c e s  w hich  
r e a c t  w i th  f r e e  r a d i c a l s  to  form p r o d u c t s  w hich a r e  i n c a p a b l e  o f  f u r t h e r  
a d d i t i o n .  I n h i b i t o r s  r e a c t  w i th  r a d i c a l s  a s  soon  a s  t h e  r a d i c a l s  a r e  fo rm ed  
and p o l y m e r i s a t i o n  c a n n o t  o c c u r  u n t i l  a l l  t h e  i n h i b i t o r  h a s  b een  u se d  u p .
I n  t h e  p r e s e n c e  o f  an i n h i b i t o r  p o l y m e r i s a t i o n  w i l l  be  p r e c e e d e d  by an 
i n d u c t i o n  p e r i o d ,  t h e  l e n g t h  o f  w hich d ep en d s  on t h e  amount o f  i n h i b i t o r  
u s e d ,  R e t a r d e r s  a r e  l e s s  r e a c t i v e  and com pete w i th  monomer f o r  f r e e  
r a d i c a l s ,  r e d u c i n g  th e  r a t e  and d e g r e e  o f  p o l y m e r i s a t i o n .
Thus, 1 , 3 -d ip h e n y 1 - 1 f 3 - d i v i n y l u r e a  a p p e a r s  to  a c t  a s  a  r e t a r d e r  f o r  
s t y r e n e  p o l y m e r i s a t i o n s .  To i n v e s t i g a t e  t h i s  p r o p o s a l  a  s im p le  d i l a t o m e t r i c  
s tu d y  o f  t h e  r a t e  o f  p o l y m e r i s a t i o n  o f  s t y r e n e  and s t y r e n e  p l u s  1 , 3 -  
d i p h e n y l - 1 , 3 - d i v i n y l u r e a  was u n d e r t a k e n .  T ab le  2 .1 6  g iv e s  t h e  r e s u l t s  
o b t a in e d  f o r  t h e  r a t e  o f  p o l y m e r i s a t i o n  o f  s t y r e n e  and s t y r e n e  p l u s  5$ W/w 
o f  1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  and F ig u r e  2 .1 0  shows a  p l o t  o f  t h e  d a t a  
i n  T ab le  2 .1 6 .
Table 2.16
T herm al p o l y m e r i s a t i o n  o f  s t y r e n e  and s t y r e n e  p lu s  5%> 1 « 3 -d ip h e n y l -1  ♦ 3- 
d i v i n y l u r e a  ( DPDVU)a
Time S ty re n e S ty r e n e  + 5^ DPDVU
m D i la to m e t e r  r e a d i n g  P o ly m e r i s a t i o n  D i l a t o m e t e r  r e a d i n g  P o l y m e r i s a t i o n
( t ) a t  t im e  ( t )  - a t  t im e  ( t )  -
r e a d i n g  a t  t  ( o )  crn^ 1° r e a d i n g  a t  t ( o )  crn^ %
0
1 2 .4 1 .0 1 .5 0 .6
2 4 .2 1 .7 3.1 1 .2
3 5 .8 2 .3 4 .4 1 .8
4 7 .5 3 .0 5 .7 2 .3
5 9 .0 3 .7 7.1 2 .9
7 11 .9 4 .9 8 .4 3 .4
10 1 5 .9 6 .5 1 2 .5 5.1
15 2 1 .5 8 .8 1 6 .2 6 .6
20 2 6 .5 1 0 .8 1 9 .7 8 .0
25 3 0 .6 1 2 .5 2 2 .4 9.1
30 33 .9 13 .9 2 5 .6 1 0 .4
40 39 .0 1 6 .0 2 9 .7 12.1
a  a t  70 i  0 .1  °C
mean o f  t h r e e  r e a d i n g s
The r e s u l t s  i n d i c a t e  t h a t  r e p l a c i n g  p a r t  o f  t h e  s t y r e n e  w i th  5^ W/w
o f  1 , 3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a  c a u s e s  th e  r a t e  o f  p o l y m e r i s a t i o n  to
d e c r e a s e .  The p l o t  shows no i n d u c t i o n  p e r i o d ,  a s  would be  t y p i c a l  o f  an
i n h i b i t o r ,  b u t  shows a r a t e  d e c r e a s e ,  t y p i c a l  o f  a  r e t a r d e r .  1 , 3 - D ip h e n y l -
1 , 3 - d i v i n y l u r e a  i s  n o t  such  an e f f i c i e n t  r e t a r d e r / i n h i b i t o r  a s  t e r t .  b u t y l
c a t e c h o l  , f o r  exam ple, which c a u s e s  i n h i b i t i o n  o f  s t y r e n e  a t
89c o n c e n t r a t i o n s  o f  50 p .p .m .  o r  l e s s  , b u t  t h e  r e s u l t s  s u g g e s t  t h a t  1 , 3 -  
d i p h e n y l - 1 , 3 - d i v i n y l u r e a  does  form  a  s t a b l e  r a d i c a l  w hich s u p p o r t s  t h e  
p r o p o s a l  o f  a h i g h l y  c o n ju g a te d  r e s o n a n c e  s t a b i l i s e d  s t r u c t u r e  made i n  
C h a p te r  1, ( F i g u r e  1 . 2 ) .
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CHAPTER 3
U ltr a v io le t  Absorption Spectroscopy applied  to N.N!-D isu b stitu ted  Ureas 
3*1 Introduction
To explain  the in a b i l i t y  o f the various N ,N '-d isub stitu ted-N ,N *-
55d iv in ylureas to produce cyclopolym ers, i t  has been proposed that 
conjugation o f  the lone pair e lectro n s on the n itrogen  atoms with the  
v in y l and carbonyl double bonds produces a coplanar arrangement o f  th ese  
groups (F igure 1 .1 ) .  N aturally , th erefore , e le c tr o n ic  absorption  
spectroscopy should make an important contribution  to an in v e s t ig a t io n  o f  
the stru ctu re o f  th ese compounds.
In N ,N '-d iv in ylu reas there are severa l chromophores, the carbonyl 
group, the v in y l groups and, in  the case o f 1 , 3-dipheny1 - 1 ,3 -d iv in y lu rea , 
the phenyl groups. When two or more iso la te d  chromophores occur in  the  
same m olecule, in  r e la t iv e  p o s it io n s  such th at there i s  no in te r a c tio n  
between the chromophores, the r e su lt in g  absorption curve i s  a summation o f  
the absorption o f in d iv id u a l chromophores. Any departure from such lin e a r  
summation in d ic a te s  the operation o f  some other e f fe c t  causing in te r a c t io n  
between the chromophores.
In tera ctio n  o f  two or more m u ltip le  bonds produces a conjugated  
system, which normally r e s u lts  in  a bathochromic s h i f t  ( to longer wave­
len gth ) o f the p o s it io n  o f  the absorption band from that o f  the is o la te d  
m ultip le  bond. A lso, because the c r o ss -se c t io n a l area o f the absorbing  
electro n  system i s  increased  on conjugation an in crease  in  in te n s ity  
(hyperchromic e f f e c t )  a r ise s  on conjugation. These two e f f e c t s  are o f  
prime importance in  the use and in te r p r e ta tio n  o f  e le c tr o n ic  sp ectra  o f  
organic m olecules, because conjugation s h i f t s  the absorption o f  chromo­
phores from a region o f  the spectrum that i s  not r e a d ily  a c c e s s ib le  to a 
region  that i s  e a s ily  stud ied .
Table 3»1 shows a s e r ie s  o f  r e s u lt s  fo r  some polyenes, showing th at  
in crea sin g  conjugation produces a smooth change in  both p o s it io n  and 
in te n s ity  o f  absorption.
Table 5.1
Ultraviolet absorption of some conjugated polyenes0.
H . (CH = CH) . H v n
n y max
-1cm
^-nax
nm
£  max S o lv e n t
1 6t 900 163 1 5000 h ex an e
2 47000 217 21000 h ex an e
3 36300 268 34600 i s o —o c t a n e
4 32900 304 c y c lo h e x a n e
5 30000 334 121000 i s o - o c t a n e
6 27500 364 1 38000 11
7 25600 390 it
8 24400 410 n
10 22400 447 n
cl R e fe r e n c e  90
Over t h e  r a n g e  o f  n  e q u a l  to  2 , 3  and 4 t h e  t r e n d  may be  a p p ro x im a te d
t o :
S) = 59000 -  ( n  x 7000)" max
S u b s t i t u t i o n  by auxochrom ic  g ro u p s  u s u a l l y  p ro d u c e s  a  b a th o c h ro m ic  
s h i f t  w i th  a  h y p e rc h ro m ic  e f f e c t  on t h e  e x t i n c t i o n  c o e f f i c i e n t .  T hese  
e m p i r i c a l  c o r r e l a t i o n s  can  be  e x te n d e d  to  o t h e r  c o n ju g a te d  s y s te m s ,  
i n c l u d i n g  t h o s e  c o n t a i n i n g  m u l t i p l e  bonds  be tw een  a  ca rb o n  atom  and  a 
h e t e r o  atom . Such c o r r e l a t i o n s  a r e  l e s s  a c c u r a t e  i n  t h e s e  s y s te m s  ( T a b le  
3*2) b u t  th e y  do i n d i c a t e  t h e  a p p ro x im a te  e x t e n t  o f  c o n j u g a t i o n  from  t h e  
main e l e c t r o n i c  a b s o r p t i o n  band .

Table 5 .2 aU ltr a v io le t  a b so rp tio n  due to  two conjugated  chromophores
System Example ^max
nm
^max
C=C-C=N N-Butylcrotonaldim ine 220 23000
u=c-c=u D iacety l-n -b u ty lim in e 209 18500
C=M=C Butyraldazine 205 13000
c=c-c=o Cro tonaldehyde 217 16000
a Reference 91
Thus, assuming cop lanarity  o f the conjugated system which r e s u lt s  in
the maximum overlap o f the TT -o r b ita ls ,  the main e le c tr o n ic  absorption
band in  N jR '-d isubstitu ted-N jB ‘-d iv in y lu rea s  should be found above 200nm
( '>  ) with an ex tin c tio n  c o e f f ic ie n t  ( £  ) o f  at l e a s t  10000.' -/A'max' x max'
Comparisons w ithin  a s e r ie s  o f  NfK '-d isu b stitu ted  ureas should serve to  
in d ica te  the extent o f  the conjugated system and the r e la t iv e  degrees o f  
coplanarity  o f  sim ilar  system s.
3.2 U ltr a v io le t  Absorption Spectra o f K.N!-D isu b stitu ted  Ureas.
The u ltr a v io le t  absorption spectra o f a number o f  su b stitu te d  ureas
have been recorded; % and £  values are given  in  Table 3 .3 .max max ^
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U lt r a v io le t  d a ta  o f  some s u b s t i tu te d  u re a s 8.
Ho Compound ChartReference * max £ max Reference
I , 3 -D iv in ylim id azolid -2-on e AXV 251 37600
II -E th y l-3 -v in y lim id a zo lid-2-one EVII 230 20800
I I I ,3 —D iacety lim id azolid -2-on e PII 227b 25500b
IV -A cety lim id azo lid -2 -on e FI 21 5b I 3000b
V i—Form ylim idazolid-2-one F i l l 214b 14250b
VI , 3-D iphenylim idazolid-2-one CIA 2 66 37000
VII , 3~D ibenzylim idazolid-2-one FVII 260 400
VIII , 3-Divinylhexhydropyrim id-2-one BV 248 40800
IX , 3-D im ethyl-1»3-d iv in ylu rea DIV 245 15700
X , 3-U iphenyl-1, 3 -d iv in ylu rea CIV 253 18200
XI , 3-D ie th y l~1 f 3-dipfieoylurea - 247° 8700° 92
XII -P h enyl-3-v inylurea - 250 38000 93
XIII -E thyl-3-phenylur ea - 240° 19800° 92
XIV , 3-Diphenylurea 256° 37200° 92
& recorded in  methanol u n less otherw ise sta ted
recorded in  water
Q recorded in  ethanol
A ll o f  the NfN *-divinylureas which have been studied  have a strong  
absorption band in  the u ltr a v io le t  region  o f  the spectrum (compounds I ,  
V III, IX and X in  Table 3»3)« The p o s it io n  and in te n s ity  o f  the bands are 
u n lik e  those o f  iso la te d  chromophores o f the type contained in  th ese  
compounds, which i s  good evidence th at conjugation of the e lec tro n  p a irs  
on the n itrogen  atoms with the ■TX e lec tro n s o f  the v in y l and carbonyl 
double bonds i s  resp on sib le  fo r  the u ltr a v io le t  absorption o f  N,Hf-  
d iv in y lu reas. Such an overlap needs some degree o f  cop lan arity  to be 
su c c e ss fu l, which would explain  the in a b i l i t y  o f  these compounds to 
cyclopolym erise* The conjugation prevents the second v in y l group in  an 
in i t ia t e d  m olecule from adopting a conformation su ita b le  fo r  the
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in tr a molecular c y c lisa t io n  rea ctio n .
That the v in y l groups are involved  in  t h is  conjugation, i s  shown by
the fa c t  that when a v in y l group on an im idazolid -2-one r in g  i s  replaced
by an e th y l group, there i s  a hypsochromic s h i f t  and a hypochromic e f fe c t
on the ex tin c tio n  c o e f f ic ie n t  (compare compounds I and I I ,  Table 3* 3)*
Although the data were recorded in  d iffe r e n t  so lv en ts , a s im ila r  e f f e c t
i s  found in  the N,Nf-diphenylurea system, compounds X and XI, and the
d er iv a tiv e s  o f  phenylurea, compounds XII and X III,
Other unsaturated groups (a c e ty l,  formyl or phenyl) attached to the
n itrogen  atoms in  ureas are a lso  found to be conjugated with the carbonyl
o f  the urea group 1 ,3-diacetyX im idazolid~2-one has a strong absorption
band which i s  m odified by removal o f  one o f  the a c e ty l groups (compounds
I I I  and IV ). t-F orm ylim id azolid -2-one,(compoundV) has a s im ila r  absorption
spectrum to 1 —acety lim id azo lid -2 -on e . 1 , 3-D iphenylim idazolid—2-one (
compound VI) has a strong absorption band which i s  again a ttr ib u ted  to
conjugation o f the aromatic r in g s with the urea carbonyl group v ia  the
n itrogen  atoms. In 1 ,3-dibenzylim idazoIid-2-one (V II) the aromatic r in gs
cannot be conjugated with the urea carbonyl group because o f  the presence
o f  the methylene groups. Here, the data are ty p ic a l o f  two is o la te d  
94aromatic r in g s • A comparison o f  compounds XIII and XIV i s  fu rth er  
evidence that a decrease in  the number o f  unsaturated groups attached to  
the n itrogen  atoms r e s u lt s  in  a hypsochromic s h i f t  and has a hypochromic 
e f fe c t  on the e x tin c tio n  c o e f f ic ie n t .
I f  the hydrogen atoms attached to the n itrogens o f  1 , 3-diphenylurea  
(XIV) are replaced by e th y l groups (X l) there i s  a considerable change 
in  ^the spectrum which in d ic a te s  th at there i s  a dim inished in te r a c tio n  
between the — o r b ita ls  o f  the aromatic r in g s  and the urea group. This
seems to be a s t e r ic  e f f e c t  due to the presence o f  the r e la t iv e ly  bulky  
eth yl groups. The aromatic r in g s are unable to take up a planar conform­
a tio n  because o f  overcrowding in  the m olecule. Presumably the s t e r ic  
s tr a in  i s  r e lie v e d  by tw ist in g  the e s s e n t ia l ly  s in g le  bond between the  
aromatic rin g  and the n itrogen  atom and/ or the e s s e n t ia l ly  s in g le  bond 
in  the urea group .S ince there i s  a considerable hypsochromic s h i f t  and a 
la rg e  decrease in  absorption in te n s ity ,  the departure from cop lan arity  
must be s ig n if ic a n t .
In 1 , 3 -d iphenyl-1 , 3 -d iv in y lu rea  (x) the in trod u ction  o f  v in y l groups 
to rep lace e th y l groups produces, as expected, a bathochromic s h i f t  and 
has a hyperchromic e f fe c t  on the e x tin c tio n  c o e f f ic ie n t .  There i s  
c e r ta in ly  an in crease  in  conjugation in  the system. However, the p o s it io n

and in te n s ity  o f  the absorption band in d ic a te s  the overlap o f  o r b ita ls  i s  
not as su c cessfu l as in  1 , 3-diphenylurea (XIV). The spectrum o f 1 , 3-cLiphenyl~ 
1, 3 -d iv in ylu rea  (x) suggests that the m olecule does not adopt a conformation 
with e ith e r  the two phenyl groups or the two v in y l groups, or one phenyl 
and one v in y l group coplanar with the urea group ( carbonyl) .  The in te n s ity  
o f  the absorption band i s  far le s s  than those o f  compounds XIV, VI, I ,  VIII 
or XII® However, i t  does show that there i s  considerable conjugation in  th is  
m olecule which would support the proposal that a resonance s ta b i l is e d  ra d ica l 
i s  resp on sib le  fo r  i t s  in a b i l i t y  to polym erise, (Figure 1 .2 ) .
1 ,3-D iphenylim idazolid-2-one (XV) has a s im ilar  absorption spectrum  
to  1 ,5-cLiphenylurea (XIV), which suggests that the phenyl groups can assume 
a conformation coplanar with the c y c l ic  urea group. Thus, the s te r ic  e f f e c t  
o f  su b stitu en ts  on the n itrogen  atoms i s  removed i f  they are part o f  a 
five-membered r in g  system. Since compounds I and VIII have s im ila r  absorption  
bands the same e f fe c t  i s  found i f  the su b stitu en ts  are part o f  a s ix -  
member ed ring®
In 1 , 3-dimethy1 - 1 ,3 -d iv in ylu rea  ( i x ) ,  the absorption spectrum in d ic a te s  
th at there i s  a conjugated system but that i t  i s  unable to take up a 
com pletely planar conformation because o f  overcrowding o f  the groups 
attached to the n itrogen  atoms. This departure from cop lan arity  e f f e c t s  the  
p o s it io n  and in te n s ity  o f  the absorption band o f  the conjugated system  
compared to 1 , 3 -d iv in y lim id azo lid -2 -on e and 1 , 3-divinylhexahydropyrim id- 
2-one® Two p o ss ib le  conformations for  1 , 3-d im ethyl-1 , 3 -d iv in y lu rea  m olecules  
have been proposed in  Chapter 1 • In e ith e r  conformation, s t e r ic  in te r a c tio n s  
in v o lv in g  the methyl groups would explain  the lack  o f cop lan arity  in  the  
conjugated system. Since both 1 ,3 -d iv in y lim id azo lid -2 -on e and 1 , 3 -d iv in y l-  
hexahydropyrimid-2-one form polymers v ia  an intermo lecu la r  propagation  
rea ctio n , i t  would seem that the methyl group attached to the same n itrogen  
atom as an in i t ia t e d  v in y l group i s  s t e r ic a l ly  h indering approach o f  
another molecule® In the c y c l ic  ureas th ese  groups are h eld  back by the  
r in g  o f  which they are a part, thus allow ing polym erisation  to proceed.
Chapter 5 d escrib es some other techniques which were in v e st ig a te d  in  
an attempt to e lu c id a te  the stru ctu res o f  c y c l ic  and a c y c lic  N,N’- d iv in y l -  
ureas®
3®3 Synthesis o f  N .H *-D isubstituted Ureas.
Chapter 1 d escrib es the sy n th esis  o f  the N,N ’-d iv in y lu rea s  mentioned 
in  th is  Chapter. N,N’-D ibenzylim idazolid -2-one and the N ,IP -d ia lk y lu reas  
referred  to in  Chapter 5 were synth esised  from the di-sodium  s a l t  o f  the  
appropriate urea and an a lk y l h a lid e . The di-sodium  s a lt  o f  each urea was
prepared u sin g  sodium hydride in  anhydrous N,N-dimethylformamide. Charts
F and G- show the N,N’-d isu b st itu te d  ureas prepared by th is  method, which
proved to be a f a c i le  and v e r s a t i le  sy n th etic  rou te. Previous routes to
N,H’-d isu b st itu te d  im id azolid -2-on es and hexahydropyrimid-2-ones used
95 96phosgene and HfNf-d isu b st itu te d  ethylenediam ines ' •
1 -A cetylim idazolid -2-one (F l)  was synth esised  by r e flu x in g  im id azo lid -
972-one with a c e t ic  anhydride in  g la c ia l  a c e t ic  acid  , and 1 , 3 -d ia c e ty l-  
im idazolid -2-one (F I l)  by r e flu x in g  im idazolid -2-one with a c e ty l ch lo r id eQOin  g la c ia l  a c e t ic  acid  • 1-Form ylim idazolid-2-one ( F i l l )  was prepared 
from im idazolid -2-one u sin g  a mixture o f  a c e t ic  anhydride and form ic acid®
CHAPTER 4
H y d r o ly s i s  o f  N .N1- D i v i n y l u r e a s
4«1 I n t r o d u c t i o n .
T h is  s e c t i o n  o f  t h e  work on  ’- d i v i n y l u r e a s  was a r e s u l t  o f
a t t e m p te d  p o l y m e r i s a t i o n s  u n d e r  w eak ly  a c i d i c  c o n d i t i o n s .  S in c e  t h e  u l t r a ­
v i o l e t  a b s o r p t i o n  s p e c t r a  o f  H ,Nf- d i v i n y l u r e a s  (C h a p te r  J>) had  p r o v id e d  
p r o o f  o f  c o n j u g a t io n  a c r o s s  t h e  CH2=CH-H-C0-N-CH=CH2 sy s te m , i t  was 
c o n s id e r e d  t h a t  p r o t o n a t i o n  o f  t h e  n i t r o g e n  atom s xrould remove t h i s  
c o n j u g a t io n  and a l lo w  th e  v i n y l  g ro u p s  to  u ndergo  c y c l o p o l y m e r i s a t i o n ,  I f  
t h e  c o n j u g a t io n  w ere removed i n  t h i s  way, th e n  p o l y m e r i s a t i o n  u s i n g  re d o x  
i n i t i a t o r s  i n  aqueous s o l u t i o n  m igh t be  p o s s i b l e .  These  c o n d i t i o n s  would
be l e s s  s e v e r e  th a n  a d d i t i o n  o f  c o n c e n t r a t e d  a c i d ,  t h e  t e c h n iq u e  u s e d  by  
57O v e rb e rg e r  , w hich , i n  my a t t e m p t s  r e s u l t e d  i n  t h e  h y d r o l y s i s  o f  N ,H’-
d i v i n y l u r e a s  ( C h a p te r  1 ) .
N -v in y la m id e s  a r e  known to  h y d r o ly s e  to  a c e t a l d e h y d e  and th e  
99c o r r e s p o n d in g  amide , and I  h ave  a l r e a d y  commented on t h e  h y d r o l y s i s  o f
N , N ' - d i v i n y l u r e a s .  However, t h e  r a t e  o f  h y d r o l y s i s  i s  t h e  im p o r t a n t  f a c t o r .
I f  t h e  r a t e  o f  h y d r o l y s i s  i s  com p arab le  w i th  t h e  r a t e  o f  p o ly m e r i s a to n ,  t h e
f o r m a t io n  o f  c y c lo p o ly m e rs  w i l l  be im p o s s ib l e .  A s tu d y  o f  t h e  h y d r o l y s i s
o f  N - v i n y l p y r r o l i d - 2 - o n e  i n  aqueous  a c i d  a t  room te m p e r a tu r e  showed t h a t
99a t  pH 5 o n ly  1 % o f  t h e  monomer h y d r o ly s e d  i n  6h • T h is  monomer can  be 
p o ly m e r is e d  to  a  h ig h  m o le c u la r  w e ig h t  po lym er i n  aqueous  s o l u t i o n .
4 . 2  E f f e c t  o f  A c id ic  S o l u t i o n s  on th e  U l t r a v i o l e t  A b s o r p t io n  S p e c t r a  o f  
N.N*- D i v i n y l u r e a s .
The a b s o r p t i o n  s p e c t r a  o f  1 , 3 - d iv in y l im id a z o l id - 2 - * o n e  and 1 , 3 - d i v i n y l -  
h e x a h y d ro p y r im id -2 -o n e  w ere r e c o r d e d  i n  s o l u t i o n s  o f  v a r y i n g  pH v a l u e s .
The s p e c t r a  w ere found  to  be  pH d e p e n d e n t ;  lo w e r in g  t h e  pH c a u s e d  t h e  
a b s o r p t i o n  b ands  to  d im in i s h  and f i n a l l y  d i s a p p e a r .  T h is  was c o n s id e r e d  to  
r e f l e c t  t h e  e q u i l i b r i u m  be tw een  th e  f r e e  N, N ' - d i v i n y l u r e a  and t h e  n i t r o g e n  
- p r o t o n a t e d  s p e c i e s :
/  y  /  v  v  V 'CHo=C H -H -C 0-N -C H = C H .^  CH„=CE-H-CO-H-CH=CH„ CH.=CH-H-CO-N-CH=CH„d d d j 2 2 | | d
H H H
However, i t  was soon a p p a r e n t  t h a t  t h e  s p e c t r a  w ere a l s o  t im e
d e p e n d e n t .  The a b s o r p t i o n  b an d s  d im in is h e d  and d i s a p p e a r e d  on l e a v i n g
a c i d i c  s o l u t i o n s  o f  t h e  u re a S  S ta n d in g .  The r a t e  o f  d i s a p p e a r a n c e  o f  t h e  
band was d e p en d e n t  upon th e  pH o f  t h e  s o l u t i o n ;  i n  s o l u t i o n s  o f  low pH

t h e  peak  d im in i s h e d  a t  a  g r e a t e r  r a t e  th a n  i n  s o l u t i o n s  o f  h i g h e r  pH.
Even aqueous  ( n e u t r a l )  s o l u t i o n s  o f  t h e s e  N , N ' - d i v i n y l u r e a s  a f t e r  s t a n d i n g  
f o r  s e v e r a l  d ay s  w ere found  to  h av e  no u l t r a v i o l e t  a b s o r p t i o n  band a t  t h e  
p o s i t i o n  w here t h e y  p r e v i o u s l y  had  an  i n t e n s e  a b s o r p t i o n .  T h is  l e d  to  t h e  
s u g g e s t i o n  t h a t  h y d r o l y s i s  o f  t h e  N -v in y l  g roup  was o c e u r i n g :
I i I iCH2=CH-N-C0-N~CH=CH2 + 2H20  *2C H  CHO + H.N-CO-NH
C o n t r o l l e d  h y d r o l y s i s  o f  t h e s e  u r e a s  d id  y i e l d  a c e t a l d e h y d e  and t h e  
c o r r e s p o n d in g  u r e a  ( C h a p te r  1 ) .
The u l t r a v i o l e t  a b s o r p t i o n  maxima o f  a c i d i c  s o l u t i o n s  o f  b o th  1 , 3 -  
d im e th y l~ 1 , 3 - d i v i n y l u r e a  and 1 - e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  w ere a l s o  
found  to  d e c r e a s e  w i th  t im e  due to  h y d r o l y s i s  o f  th e  N -v in y l  g ro u p s .
A d i l u t e  a c i d  s o l u t i o n  (pH 3«5 ) ,  which c a u s e d  r a p i d  h y d r o l y s i s  o f  t h e  
o t h e r  N - v i n y l u r e a s ,  had  no im m ed ia te  e f f e c t  on t h e  a b s o r p t i o n  s p e c tru m  o f
1 . 3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a .  However, i n c r e a s i n g  t h e  s t r e n g t h  o f  t h e  a c i d  
s o l u t i o n  to  2* m o la r  c a u se d  t h e  a b s o r p t i o n  a t  253um to  i n c r e a s e .  The 
e q u i l i b r i u m  a b s o rb a n c e  v a l u e  c o r r e s p o n d e d  to  a  m o la r  e x t i n c t i o n  c o o f f i c i e n t ,
£  = 28000, b a s e d  on  1 , 3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a ,  The i n c r e a s e  i n  
a b s o rb a n c e  i s  c o n s i s t e n t  w i th  th e  p r o p o s a l  t h a t  h y d r o l y s i s  would  p ro d u c e
1 . 3 - d ip h e n y l u r e a ,  w hich h a s  an  £  v a l u e  o f  37000 compared w i th  18200 f o r
1 . 3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a  (T a b le  3*3)* The v a l u e ,  £  = 28000, i s  b a s e d
on 1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a ;  i f  t h i s  v a l u e  i s  m o d i f ie d  by  u s i n g  t h e
m o le c u la r  w e ig h t  f o r  1 , 3 - d ip h e n y l u r e a  i n  t h e  c a l c u l a t i o n ,  th e n  t h e  £
v a l u e  becomes 35000, w hich  com pares v e r y  w e l l  w i th  t h e  v a l u e  37000 f o r
921 . 3 - d ip h e n y l u r e a  i n  e t h a n o l  • A p a r t  from  s t e r i c  e f f e c t s ,  t h e  d i f f e r e n c e  
i n  r e a c t i v i t y  be tw een  1 , 3 - d i p h e n y l - 1 , 3 —d i v i n y l u r e a  and t h e  o t h e r  N - v in y l ­
u r e a s  may be  i n t e r p r e t e d  i n  te rm s  o f  r e s o n a n c e  s t a b i l i s a t i o n  by  t h e  p h e n y l  
g ro u p s  on th e  N - v in y lu r e a  s t r u c t u r e ,  t h u s  lo w e r in g  t h e  n u c l e o p h i l i c  
r e a c t i v i t y  o f  t h e  - c a r b o n  atom s and t h e  b a s i c i t y  o f  t h e  n i t r o g e n  a to m s .
4 . 3  R a te s  o f  H y d r o ly s i s  o f  1 ,3 - D i v i n y l i m i d a z o I i d - 2 - o n e  and 1 , 3 - P i v i n y l h e x -  
a h y d ro p y r im id -2 -o n e  i n  A c id ic  S o l u t i o n s .
As b o th  1, 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 - d iv in y lh e x a h y d r o p y r i m id -  
2 -o n e  h av e  i n t e n s e  u l t r a v i o l e t  a b s o r p t i o n  b a n d s ,  t h e  r a t e  o f  d i s a p p e a r a n c e  
o f  t h e  a b s o r p t i o n  band can  be  u s e d  a s  a  m e asu re  o f  t h e  r a t e  o f  h y d r o l y s i s .  
The a b s o rb a n c e  o f  v a r i o u s  c o n c e n t r a t i o n s  o f  t h e s e  N,N’- d i v i n y l u r e a s  i n  
w a te r  was m easu red  a t  th e  r e s p e c t i v e  a b s o r p t i o n  maximum f o r  each  compound 
to  p ro d u c e  a  c a l i b r a t i o n  c u rv e .  The r e s  . I t s  a r e  g iv e n  i n  T a b le  4*1 and  
F i g u r e s  4.1 and 4 . 2  shew th e  c a l i b r a t i o n  c u r v e s .
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T a b le  4.1
D a ta  f o r  c a l i b r a t i o n  c u rv e s  o f  a b s o rb a n c e  a g a i n s t  c o n c e n t r a t i o n  f o r  1,3- 
d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 -d iv in y lh e x h y d r o p y r im id - 2 - o n e
a — 5 C o n c e n t r a t i o n 1" (x10~ )
mol
A bsorbance^  a t  254 nm 
f o r  1 , 3 - d iv i n y lh e x a h y d r o -  
p y r im id -2 -o n e
t)A bso rbance  a t  251 nm 
f o r  1 , 3 - d i v i n y l i m i d a -  
z o l i d - 2 - o n e
0 .4 0o 1 28 0 .1 5 4
0 . 8 0 .2 3 7 0.301
1 .0 0 .2 9 8 0.381
2 .0 0 o 588 0 .7 4 5
3 .0 0 .8 7 2 1 .1 0 3
a i n  w a te r  
Id mean v a l u e s  o f  3 r e a d i n g s  whose d i f f e r e n c e  d id  n o t  exceed  -  0*002 
a b s o rb a n c e  u n i t s  on Unicam SP 500 i n s t r u m e n t
The calibration curves obtained were straight lines showing that 
absorbance and concentration are directly related. Thus the concentration 
of L,N’-divinylurea can be measured from the absorbance of the solution 
(Beer-Lambert Law),
The r a t e s  o f  h y d r o l y s i s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 -  
d iv in y lh e x h y d r o p 3>"rimid-2-o n e  w ere m easured  by t r a n s f e r r i n g  a l i q u o t s  from  
a  s t a n d a r d  s o l u t i o n  o f  each  u r e a  to  g r a d u a te d  f l a s k s  c o n t a i n i n g  c o n s t a n t  
i o n i c  s t r e n g t h  b u f f e r  s o l u t i o n s " ' A l l  s o l u t i o n s  were m a in ta in e d  a t  a 
c o n s t a n t  t e m p e r a tu r e  (2 5 ° C ) .  Zero t im e  was m easu red  from th e  moment when 
h a l f  t h e  a l i q u o t  had  b een  p i p e t t e d  i n t o  t h e  f l a s k ,  which was th e n  made up 
to  t h e  g r a d u a t io n  mark w i th  b u f f e r  s o l u t i o n ,  A sam ple  o f  th e  m ix tu r e  was 
th e n  t r a n s f e r r e d  to  a 1 cm. s i l i c a  c e l l  and t h e  a b s o rb a n c e  o f  t h e  s o l u t i o n  
was d e te rm in e d  a g a i n s t  a b la n k  o f  t h e  b u f f e r  s o l u t i o n  a t  2 m in u te  i n t e r v a l s .  
The t e m p e r a tu r e  was m a in ta in e d  th ro u g h o u t  a t  2 5 ° C.
The hydrolysis data exhibited firstorder kinetics; that is, a plot of 
the logarithm of the concentration of '-divinylurea against time 
produced a straight line (Figure 4 . 3 ) .  Since the concentration of the 
buffer solution is very much greater than that of the U,N'-divinylurea, the
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F i r s t  o r d e r  p l o t s  f o r  t h e  h y d r o l y s i s  o f  1 . 3 - d iv i n y l i i n id a z o l id ~ 2 ~ o n e  (p V l)  
and 1 , 3 - t i iv in y lh e x a h y d ro ry r im id ~ 2 ~ o n e  (DVHHP) a t  d i f f e r e n t  -pH v a l u e s .
change  i n  t h e  b u f f e r  c o n c e n t r a t i o n  i s  n e g l i g i b l e  compared w i th  t h e  change 
i n  u r e a  c o n c e n t r a t i o n  and t h e  r e a c t i o n  o r d e r  i s  te rm ed  pseudo f i r s t  o r d e r « 
Most h y d r o l y s i s  r e a c t i o n s  i n  aqueous  s o l u t i o n  e x h i b i t  pseudo  f i r s t -  
o r d e r  k i n e t i c s  s i n c e  w a te r  i s  u s u a l l y  p r e s e n t  i n  g r e a t  ex cess*
T a b le  4 . 2  g iv e s  t h e  pseudo  f i r s t  o r d e r  r a t e  c o n s t a n t s  f o r  t h e  
h y d r o l y s i s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 - d iv in y lh e x a h y d r o p y r im id -  
2 -o n e .
T a b le  4 . 2
Pseudo f i r s t  o r d e r  r a t e  c o n s t a n t s  i n  c o n s t a n t  i o n i c  s t r e n g t h  b u f f e r s
( Z—0 .1 0 )  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - •one and 1 , 3 - d iv in y lh e x a h y d r o p y r im id ~
2 -o n e  a t 25° ± 0 .1 °
pH R a te  c o n s t a n t s  o f  1 , 3 - R a te  c o n s t a n t s  o f  1 , 3 -  r a t i o  I)VI
(z=0.10) divinylim idexoliG '-^l-one- d iv i n y lh e x a h y d r o p y r im id -  DVHHP
2 -o n e  (DVHHP)
t  x 105 s“ 1 fc x 105 s " 1
4 .1 0 1 .07 0 .7 0  1 . 5 3
3 .8 0 2 .0 6 1 . 2 4  1 . 66
3 .4 0 4 .3 6 2 .6 0  1 . 6 7
The d a t a  i n  T ab le  4 .2  show t h a t  t h e  N,N’- d i v i n y l u r e a s  a r e  r a p i d l y  h y d r o ly s e d
by d i l u t e  a c i d i c  s o l u t i o n s .  A t pH 4 .1 0 ,  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  h a s  a
h a l f - l i f e  o f  a p p ro x im a te ly  320 s e c o n d s ,  which means t h a t  50fo o f  t h e  u r e a
w i l l  be  h y d r o ly s e d  i n  a b o u t  5 m in u te s .  T h is  i s  much f a s t e r  th a n  t h e  r a t e
o f  h y d r o l y s i s  o f  N - v i n y l p y r r o l i d - 2 - o n e ;  1$ h y d r o l y s i s  o v e r  6h a t  pH 5.
These r e s u l t s  i n d i c a t e  t h a t  i t  i s  n o t  p r a c t i c a b l e  to  c y c l o p o ly m e r i s e  t h e
N,N‘- d i v i n y l u r e a s  s t u d i e d  i n  aqueous  s o l u t i o n s  b e c a u se  o f  t h e  r a t e  a t
which h y d r o l y s i s  t a k e s  p l a c e .
4 .4  Mechanism o f  t h e  H y d r o ly s i s  R e a c t i o n .
By a n a lo g y  w i th  th e  r e a c t i o n  schem es p ro p o s e d  f o r  t h e  h y d r o l y s i s  o f  
1 01enam inos , t h e  h y d r o l y s i s  o f  H - v in y lu r e a s  to  a c e t a ld e h y d e  and t h e
c o r r e s p o n d in g  u r e a  can be  w r i t t e n  a s  shown i n  F ig u r e  4 . 4 .
The a c i d - b a s e  e q u i l i b r i u m  ( a )  i s  s e t  up v e ry  r a p i d l y  and c a u s e s  a
d e c r e a s e  i n  c o n c e n t r a t i o n  o f  t h e  c o n ju g a te d  N - v in y lu r e a  m o le c u le s
im m e d ia te ly  t h e  compound i s  d i s s o l v e d  i n  t h e  b u f f e r  s o l u t i o n .  O nly  t h e
f r a c t i o n  + Ag. q+) o f  t h e  t o t a l  amount i s  p r e s e n t  a s  c o n j u g a te d
3
m o le c u le s  w hich e x p l a in s  th e  pH dependence  o f  t h e  u l t r a v i o l e t  a b s o r p t i o n
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P roponed  mechanism f o r  t h e  h y d r o l y s i s  o f  N ~ v i i iy lu rea s«
~  57 -
s p e c t r a  o f  N -v in y lu re a s *
The d o u b le  bond o f  th e  n i t r o g e n - p r o t o n a t e d  s p e c i e s  would p re su m a b ly
be s t a b l e  w i th  r e s p e c t  to  e l e c t r o p h i l i e  a t t a c k  u n d e r  t h e  r e a c t i o n
c i r c u m s ta n c e s ,  s i n c e  t h e  e l e c t r o n  p a i r  on n i t r o g e n  i s  no l o n g e r  a v a i l a b l e
f o r  i n t e r a c t i o n  w i th  TT e l e c t r o n s  o f  t h e  d o u b le  bond.
P ro to n  t r a n s f e r  to  t h e  f t  - c a r b o n  atom ( b )  h a s  b een  p ro p o s e d  a s  t h e
r a t e  d e t e r m in i n g  s t e p  i n  th e  h y d r o l y s i s  o f  c e r t a i n  enam ines  i n  a l k a l i n e
1 01and n e u t r a l  s o l u t i o n  . The o b s e r v a t i o n  o f  immoniwm i o n s  i n  s t r o n g l y
a c i d i c  s o l u t i o n s  by u l t r a v i o l e t  and n . m . r .  s p e c t r o s c o p y  a l s o  i n d i c a t e s  t h a t
t h e s e  e q u i l i b r i a  do e x i s t 0
B a s e - c a t a l y s e d  h y d r a t i o n  o f  t h e s e  i o n s  to  t h e  amino a l c o h o l  ( c )  i s
assumed a s  t h e  r a t e  d e t e r m in i n g  s t e p  o f  t h e  h y d r o l y s i s  o f  enam ines  i n
w eak ly  a c i d i c  m ed ia .  The c a t a l y s i n g  a c t i o n  in v o l v e s  t h e  rem o v a l o f  a
p r o to n  from  a w a te r  m o le c u le  i n  i t s  a t t a c k  on t h e  immonium i o n .  The r a t e
o f  h y d r o l y s i s  o f  c e r t a i n  S c h i f f  b a s e s  i n  a c i d i c  s o l u t i o n  i s  a l s o  d e t e r m in e d
1 02by a t t a c k  o f  b a s e  ( h y d r o x id e  i o n  o r  w a te r )  on th e  p r o t o n a t e d  S c h i f f  b a s e s
I n  s t r o n g l y  a c i d i c  media t h e  amino a l c o h o l  w i l l  be n i t r o g e n - p r o t o n a t e d
U )  and i n  e q u i l i b r i u m  w i th  th e  d i p o l a r  s t r u c t u r e  ( e ) .  The z w i t t e r i o n  i s
assumed to  be t h e  a c t i v e  i n t e r m e d i a t e  i n  t h e  d e c o m p o s i t io n  o f  c e r t a i n
101 102enam ines  and S c h i f f  b a s e s  ’ to  t h e  c a r b o n y l  compound, an  i r r e v e r s i b l e  
r e a c t i o n  ( f ) .
The h y d r o l y s i s  o f  N - v in y lu r e a s  may be  c o n s id e r e d  to  p ro c e e d  v i a  t h e s e  
s e p a r a t e  e q u i l i b r i u m  r e a c t i o n s .  Which r e a c t i o n  i n  th e  s e q u e n c e  becomes r a t e -  
d e t e r m in in g  w i l l  depend on th e  pH o f  t h e  s o l u t i o n  a s  w e l l  a s  on t h e  
s t r u c t u r e  o f  th e  i n t e r m e d i a t e s .  However, k i n e t i c  p r o t o n a t i o n  i n  t h e  
h y d r o l y s i s  o f  t h e s e  compounds o c c u r s  a t  t h e  n i t r o g e n  atom, w h e re a s  t h e  
r e a c t i o n  bo therm odynam ic ^rociocb’ t a k e s  p l a c e  v i a  p r o t o n a t i o n  a t  t h e  
/£  - c a r b o n  atom.
4o5 R a te s  o f  H y d r o ly s i s  o f  1 , 3 - D i v i n y l i m i d a z o l i d - 2 - o n e and 1 , 3 - D l v i n y l -  
h e x a h y d ro p y r im id -2 -o n e  a t  D i f f e r e n t  T e m p e ra tu re s .
U s in g  th e  p ro c e d u re  o u t l i n e d  i n  4.3> t h e  r a t e s  o f  h y d r o l y s i s  o f  1 , 3 -  
d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 3 - l i v i n y lh e x a h y d r o p y r im i d - 2 - o n e  w ere  m easu red  
a t  two t e m p e r a t u r e s  i n  s o l u t i o n s  w i th  a c o n s t a n t  pH v a l u e .  The r e s u l t s  
o b t a in e d  a r e  shown i n  T a b le  4 .3*
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T ab le  4 . 3
Pseudo H i r s t  o r d e r  r a t e  c o n s t a n t s  i n  c o n s t a n t  i o n i c  s t r e n g t h  b u f f e r s  
(z^QotO) o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  and 1 , 5 -d iv in y lh e x a h y d ro p .v r im id -
2 -o n e  a t  v a r i o u s  t e m p e r a t u r e s .
T em p era tu re
°C
pH
(z=0.10)
R a te  c o n s t a n t s  o f  
1 , 3 - d i v i n y l i m i d a -  
z o l i d - 2 - o n e  (DVl) 
t  i  103 s
R a te  c o n s t a n t s  o f  
1 , 3 - d iv i n y lh e x a h y -  
d r o p y r im id - 2 - o n e
(dvhhp)  k x. i o 5 
-1s
R a t io  
DVI j
DVHHP
40 4 .8 0 0 .8 0 —
41 4 .8 0 - 0 .7 3
50 4 .8 0 1.59 1 .1 3 1 .41
T ab le  4 .4  shows th e  e n t r o p i e s  and e n t h a l p i e s  o f  a c t i v a t i o n ,  c a l c u l a t e d  
from th e  d a t a  i n  T ab le  4 . 3 .
T a b le  4 .4
E n t r o p ie s  and e n t h a l p i e s  o f  a c t i v a t i o n  f o r  t h e  h y d r o l y s i s  o f  1 , 3 - d i v i n y l ~  
im i d a z o l i d - 2 - o n e  and 1 , 3 - d iv i n y lh e x a h y d r o p y r i m id - 2 - o n e .
E a ^  A
-1  -1  -1KJ mol J  mol deg
1 . 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  5 7 .3  83
1 . 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  4 0 .6  142
The d a t a  show t h a t  th e  A  S v a lu e  i s  i m p o r t a n t  i n  t h e  h y d r o l y s i s
o f  t h e s e  N,N’- d i v i n y l u r e a s .  A lthough  -Che a c t i v a t i o n  en e rg y  f o r  t h e
h y d r o l y s i s  o f  t h e  f ive -m em bered  r i n g  u r e a  i s  h i g h e r  th a n  t h a t  f o r  t h e  s i x -
membered r i n g  u r e a ,  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  h y d r o ly s e s  a p p r o x im a te ly
one and a  h a l f  t im e s  f a s t e r  th a n  1 , 3 - d i v i n y l h  e x a h y d r o p y r im id - 2 - o n e .
I t  seems t h a t  th e  change  i n  s t r u c t u r e  from  t h e  f iv e -m em b e re d  r i n g  to
th e  s ix -m em bered  r i n g  changes  t h e  sh ap e  o f  t h e  e n e rg y  s u r f a c e  a t  t h e
t r a n s i t i o n  s t a t e ,  which p ro d u c e s  t h i s  d i f f e r e n c e  i n  t h e  e n t r o p y  o f
2a c t i v a t i o n .  Models o f  t h e s e  two - d i v i n y l u r e a s ,  u s i n g  sp h y b r i d i s a t i o n
f o r  t h e  n i t r o g e n  a tom s, i n d i c a t e  t h a t  1 , 3 ~ d iv in y l im i d a z o l i d - 2 - o n o  forms- a 
r i g i d ,  p l a n a r  r i n g  w hereas  1 , 3“ d iv in y lh e x a h y d r o p y r im id - 2 - o n e  fo rm s a 
p u c k e re d  r i n g  w i th  c a rb o n  atom a b l e  to  move above and be low  t h e  p la n e
o f  t h e  r e s t  o f  t h e  r i n g .
1 03S tam h u is  found  t h a t  t h e  r a t e s  o f  h y d r o l y s i s  o f  p y r r o l i d i n o  enam ines  
w ere much g r e a t e r  th a n  t h e  c o r r e s p o n d in g  p i p e r i d i n o  compounds, d e s p i t e  t h e  
f a c t  t h a t  t h e  b a s i c i t i e s  w ere v e ry  s i m i l a r .  S tam h u is  s u g g e s t s  t h a t  t h e  f i v e -  
membered r i n g  enam ine fo rm s an e x o c y c l i c  d o u b le  bond more e a s i l y  th a n  th e  
c o r r e s p o n d in g  six -m em bered  r i n g  enamine* T h is  i s  found  i n  o t h e r  r e a c t i o n s  
o f  t h e s e  enam ines  w i th  e l e c t r o p h i l i c  r e a g e n t s ”* 105^ s i m i l a r l y ,  t h e  
r e s u l t s  i n  t h i s  C h a p te r  show t h a t  1 , 3 - d iv in y l im id a z ;o l id - 2 - o n e ,  a f i v e -  
membered r i n g  N,N!- d i v i n y l u r e a ,  i s  more r e a c t i v e  i n  h y d r o l y s i s  r e a c t i o n s  
th a n  1 , 3 -d iv in y lh o x a h y d r o p y r im id - 2 - o n e ,  a  s ix -m em bered  r i n g  N,Nf- d i v i n y l u r e a .
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CHAPTER 5
I n v e s t i g a t i o n  o f  th e  Structure of N,N*-Divinylureas using o t h e r  Physical 
M ethods.
5.1 I n t r o d u c t i o n
N u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p i c  d a t a  h a s  been  u sed  to  i n d i c a t e
th e  d e g re e  o f  o v e r l a p  be tw een  th e  e l e c t r o n  p a i r  on th e  n i t r o g e n  atom and
th e  v i n y l i c  d o u b le  bond i n  c e r t a i n  enam ines .  I t  i s  s u g g e s te d  t h a t  t h e
h i g h e r  th e  f i e l d  a t  w hich th e  v i n y l i c  p ro to n  a b s o r b s ,  ”* g r e a t e r  i s
th e  d e g re e  o f  p -T T o v e r la p .  A l s o , t h e  h ig h  i n t e n s i t y  o f  t h e  C=C s t r e t c h i n g
v i b r a t i o n  i n  th e  i n f r a r e d  s p e c t r a  o f  enam ines h a s  been  a t t r i b u t e d  to  t h e
o v e r l a p  o f  e l e c t r o n s  on th e  n i t r o g e n  atom and th e  tC e l e c t r o n s  o f  th e
- 1d o u b le  bond. F u r t h e r ,  hypsochrom ic  s h i f t s  o f  20 -50  cm and enhancem ent o f
i n t e n s i t i e s  i n  th e  d o u b le  bond s t r e t c h i n g  r e g i o n  o f  p r o t o n a t e d  enam ines
have  been  u s e d  to  d e te rm in e  th e  p o s i t i o n  o f  th e  d o u b le  bond. I n  enam ines
where p r o t o n a t i o n  a t  th e  /3 - c a r b o n  atom i s  n o t  a l lo w e d  due to  l a c k  o f
1 06c o p l a n a r i t y  ( e l e c t r o n i c  o v e r l a p )  t h e s e  e f f e c t s  a r e  n o t  e x h i b i t e d  . T h is  
C h a p te r  - d e s c r ib e s  th e  r e s u l t s  o b t a in e d  from n u c l e a r  m a g n e t ic  r e s o n a n c e  and 
i n f r a r e d  s p e c t r o s c o p i c  i n v e s t i g a t i o n s  o f  N , N ' - d i v i n y l u r e a s .
F o r  a c o m p le te  e l u c i d a t i o n  o f  th e  a b s o l u t e  s t r u c t u r e  o f  one o f  th e  
N ,N * - d iv in y lu r e a s  X - ra y  d i f f r a c t i o n  i n f o r m a t io n  from a s i n g l e  c r y s t a l  
would be r e q u i r e d .  T h is  C h a p te r  i n c l u d e s  p r e l i m i n a r y  r e s u l t s  o f  such  an 
i n v e s t i g a t i o n ,
5 .2  Nuclear Magnetic Resonance Spectroscopy.
As m en tio n ed  p r e v i o u s l y ,  th e  p o s i t i o n  a t  w hich th e  v i n y l i c  p r o to n  
o c c u r s  i n  th e  n . m . r .  sp ec tru m  o f  c e r t a i n  enam ines  seems to  be  d e p e n d e n t  on 
th e  d e g re e  o f  p - T T e le c t r o n  o v e r l a p .  The g r e a t e r  th e  o v e r l a p  th e  s m a l l e r  i s  
th e  ch em ica l  s h i f t  from t e t r a m e t h y l s i l a n e .  A s i m i l a r  e f f e c t  i s  o b s e rv e d  
f o r  th e  c h em ica l  s h i f t  v a l u e s  o f  th e  N-CH=CH,p p r o to n s  i n  N - v i n y l u r e a s ,  
which a r e  g iv e n  i n  T a b le  5 .1 .  t o g e t h e r  w i th  t h e i r  u l t r a v i o l e t  a b s o r p t i o n  
i n t e n s i t y .
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Table 5.1
C hem ical s h i f t  v a l u e s  o f  t h e  N-CHpCE^ p r o to n s  i n  some N - v in y lu r e a s
Compound C hem ical s h i f t
o f  CH=CH ~  2
p r o to n s
X
U l t r a v i o l e t 0,
a b s o r p t i o n
£  max
I 1 , 3 -D iv in y lh e x a h y d ro p y r im id -2 -o n e 2 . 3 - 2 . 7 40800
I I 1 *3 - D iv in y l im i d a z o l i d - 2 - o n e 2 . 8- 3 .3 37600
I I I 1- E t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e 2 . 8 - 3 . 3 20800
IV 1 , 3 -D ip h en y l-1  , 3 - d i v i n y l u r e a 3 . 3 - 3 . 5 1 8200
V 1 , 3-D im ethy1 - 1 , 3 - d i v i n y l u r e a 3 * 2 -3 .7 1 5700
El v a l u e s  t a k e n  from T a b le  3 .3
These r e s u l t s  a l s o  seem to  i n d i c a t e  t h a t  t h e  g r e a t e r  t h e  p -T T  o v e r ­
l a p  t h e  lo w e r  t h e  c h e m ic a l  s h i f t  f o r  th e  N-CH==CE0 p r o t o n s .  On t h e  b a s i s  
o f  t h e i r  u l t r a v i o l e t  a b s o r p t i o n  s p e c t r a  compounds I ,  I I  and  I I I  e x h i b i t  a
g r e a t e r  d e g r e e  o f  p -  Tf o v e r l a p  th a n  compounds IV and V. I n  t h e  c o p l a n a r
55s i t u a t i o n  p ro p o se d  f o r  th e  CEo=CH-N-C0-N-CH=CH2 sy s tem , t h e  n i t r o g e n
2 3atom s a r e  assumed to  be  s p ' h y b r i d i s e d  r a t h e r  th a n  sp"' h y b r i d i s e d .  N.m. r .
s p e c t r o s c o p y  c a n n o t  d i s t i n g u i s h  be tw een  t h e s e  two ex tre m es  a t  am b ien t
t e m p e r a tu r e  b u t  u s e f u l  i n f o r m a t io n  may be  o b t a in e d  a t  lo w e r  t e m p e r a t u r e s .
C o n s id e r  1 , 3 - d im e th y l im i d a z o l i d - 2 - o n e  ( 5 . 1 ,  R=CH^, FVl)
Hi
h - cl
R-N
HI.C-H
tf-R
( 5 « l )
HiH-C
H(• C-H
R -N N -R
+
( 5 . la )
HIH-C
H
■C-H
R -N +
C 
tCL
( 5 . 1 b )
N -R
I f  t h e  n i t r o g e n  atoms a r e  sp^ h y b r i d i s e d  due to  a l a r g e  c o n t r i b u t i o n  from  
p o l a r  r e s o n a n c e  s t r u c t u r e s  ( 5 . I a , b ) p r o t o n s  on ca rb o n  a tom s 4 and  5 w i l l  
be e q u i v a l e n t  and a s i n g l e t  w i l l  be  e x p e c te d  f o r  t h e  s i g n a l  due to  t h e s e
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p r o t o n s .  On lo w e r in g  t h e  te m p e r a tu r e  no change  w i l l  be e x p e c te d  i n  t h i s3s i g n a l .  I f ,  how ever, t h e  n i t r o g e n  atom s a r e  sp  h y b r i d i s e d  th e n  s i g n i f i c a n t
ch an g es  m igh t be  o b s e rv e d  on lo w e r in g  th e  t e m p e r a t u r e .  A s i n g l e t  w i l l  s t i l l
be e x p e c te d  a t  room t e m p e r a tu r e  b e c a u se  n i t r o g e n  i n v e r s i o n  i s  v e r y  r a p i d
on th e  n . m . r .  t im e  s c a l e  a t  such  t e m p e r a t u r e .  On lo w e r in g  th e  t e m p e r a t u r e
t h e  n i t r o g e n  i n v e r s i o n  w i l l  be  s low ed and b ro a d e n in g  o f  t h e  s i n g l e t  and
e v e n t u a l  s p l i t t i n g  i n t o  a d o u b le t  may be o b s e r v e d .  The n . m . r .  s p e c t ru m  i n
d i c h lo r o d i f lu o r o m e th a n e  showed no change  a t t r i b u t a b l e  to  b r o a d e n in g  o f  t h e
r i n g  m e th y le n e  p r o to n s  on c o o l in g  to  -135°C . E i t h e r ,  t h e  n i t r o g e n  i n v e r s i o n
r a t e  i s  s t i l l  v e ry  r a p i d  a t  t h e  t e m p e r a tu r e  q u o te d  end t h e  two c o n f o r m a t io n s
o f  th e  m e th y l  g ro u p  a b o u t  each  n i t r o g e n  atom c a n n o t  be d e t e c t e d ,  o r  t h e
m ethy l ca rb o n  atoms a r e  i n  t h e  same p la n e  a s  t h e  r i n g  n i t r o g e n  a tom s.
The n . m . r .  s p e c t r a  o f  1 , 3 - d i e t h y l i m i d a z o l i d - 2 - o n e  (PV) and 1 , 3 - d i e t h y l -
h e x a h y d ro p y r im id -2 -o n e  ( G i l )  showed t h a t  t h e  p r o to n s  on r i n g  ca rb o n  a tom s
a d j a c e n t  to  t h e  n i t r o g e n  atoms and th e  m e th y le n e  p r o to n s  o f  th e  e t h y l
g ro u p s  had  o v e r l a p p in g  s i g n a l s .  T h is  c o m p l i c a t i o n  meant t h a t  t h e s e  compounds
c o u ld  n o t  be s t u d i e d  a t  low t e m p e r a t u r e s .
The c o r r e s p o n d in g  s i g n a l s  i n  1 , 3 - d ib e n z y l i m i d a z o l i d - 2 - o n e  ( 5 . 1 ,  R=
CgH^-CH^, FVTl) were w e l l  s e p a r a t e d  and th e  n . m . r .  sp e c t ru m  was r e c o r d e d
a t  t e m p e r a t u r e s  from  +24° to  -111°C  i n  c a rb o n  d i s u l p h i d e  (T a b le  5 . 2 ) .
C o n s id e r a b l e  b ro a d e n in g  o f  th e  s i g n a l s  o c c u re d  below  —8 0 ° C w hich  may
i n d i c a t e  i n v e r s i o n  a b o u t  n i t r o g e n  o c c u r i n g  r a t h e r  s lo w ly  a n d / o r  s low
r o t a t i o n  a b o u t  t h e  C-N bond j o i n i n g  t h e  b e n z y l  g roup  to  t h e  r i n g  d e p e n d in g
3 2on w h e th e r  t h e  n i t r o g e n  i s  assumed to  be sp  o r  sp  h y b r i d i s e d .  I f  t h e
2n i t r o g e n  atom s a r e  assumed to  be sp  h y b r i d i s e d  th e  m ost s t a b l e  c o n f o r m a t io n s  
f o r  t h e  b e n z y l  g roup  would be w i th  th e  a ro m a t ic  r i n g  above o r  be low  t h e  
p la n e  o f  th e  im i d a z o l i d - 2 - o n e  r i n g .
T a b le  5 .2
N .m .r .  sp e c tru m  o f  1 , 3 ~ d ib e n z y l im id a z o l id -2 - -o n e a
T em p era tu re
°C
Band w id th  a t  \  h e i g h t  
Hz
( r i n g  m e th y len e  protons)^*
Band w id th  a t  \  h e i g h t  
Hz
( N-CHg -  C gH p. p ro  to n c  )
24 3 3
-8 0 6 5
-9 0 16 11
-111 24 20
r e c o r d e d  a t  60 MHz i n  ca rb o n  d i s u l p h i d e
band w id th  o f  T .M .8 . p r o to n s  s i g n a l  rem a in ed  a t  3-5 Hz th ro u g h o u t
The te m p e r a tu r e  l i m i t  o f  t h i s  sy s tem  was -1 2 0  C, any f u r t h e r  c o o l i n g  
c a u s in g  c r y s t a l l i s a t i o n  o f  t h e  s o l v e n t .  D ic h l o r o d i f lu o r o m e th a n e  (m .p .-1 5 8 ° C )  
was t r i e d  a s  an  a l t e r n a t i v e  s o l v e n t ,  b u t  u n f o r t u n a t e l y  1 , 3 - d ib o n z y l im id -  
a z o l i d - 2 - o n e  was i n s o l u b l e  i n  t h i s  s o l v e n t .
No change  o c c u re d  i n  th e  s p e c t r a  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  
(~90°C) 1 , 3 - d iv in y lh e x a h y d r o p y r im id - 2 - o n e  ( -8 5 °C )  and 1 , 3 - d i p h e n y l - 1 , 3 -  
d i v i n y l u r e a  ( -5 2 °C )  on lo w e r in g  th e  te m p e r a tu r e  ( f o r  c a rb o n  d i s u l p h i d e  
s o l u t i o n s ) .  E i t h e r  t h e  n i t r o g e n  i n v e r s i o n  i s  s t i l l  v e ry  r a p i d  a t  t h e  
t e m p e r a tu r e  q u o te d  o r  n i t r o g e n  i n v e r s i o n  i s  n o t  p o s s i b l e  a t  a l l .
N .m .r .  s p e c t r o s c o p y  h a s  b een  u s e d  to  d e te rm in e  s t r u c t u r e s  f o r  1 , 3 -  
d i a c y l  d e r i v a t i o n s  o f  i m i d a z o l i d - 2 - o n e ' When th e  a c y l  g ro u p s  a r e  
a c e t y l ,  b e n z o y l  o r  t r i f l u o r o a c e t y l ,  i t  i s  s u g g e s te d  t h a t  t h e  m o le c u le s  
ad o p t  a p l a n a r  c o n f i g u r a t i o n  w i th  t h e  a c y l  c a rb o n y l  g ro u p s  t r a n s , t r a n s  
to  t h e  r i n g  c a rb o n y l  g ro u p  ( 5 . 1 l )
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The a l t e r n a t i v e  p l a n a r  c i s , c i s  c o n f i g u r a t i o n  ( 5 . I l l )  was d i s c o u n t e d  s i n c e  
c a l c u l a t e d  *t v a l u e s  f o r  th e  r i n g  m e th y le n e  p r o to n s  d id  n o t  compare w i th  
v a l u e s  o b t a in e d  e x p e r i m e n t a l l y ,  w hereas  c a l c u l a t e d  ^  v a l u e s  f o r  t h e  same 
p r o to n s  i n  ( 5 , 1 1 ) w ere  i n  agreement- w i th  e x p e r im e n t . - -  ' "*
R N R
c x c
(I ii it
0 0 0
( 5 . h i )
By a n a lo g y  w i th  1 , 3 - d i a c e t y I i m i d a z o l i d - 2 - o n e ,  I  p ro p o s e  f o r  1 ,3 -  
d i v i n y l i m i d a z o l i d - 2-o n e  a  p l a n a r  c o n f i g u r a t i o n  w i th  t h e  v i n y l  g ro u p s  
t r a n s , t r a n s  to  th e  r i n g  c a rb o n y l  g ro u p  ( 5 . I V ) .
H„C2 ° ^  ^ CH.
( 5 . IV)
5 .3  I n f r a r e d  S p e c t ro s c o p y .
The i n f r a r e d  a b s o r p t i o n  band a t t r i b u t e d  to  t h e  r i n g  c a r b o n y l  and th e  
u l t r a v i o l e t  a b s o r p t i o n  i n t e n s i t y  f o r  some N,N*—d i s u b s t i t u t e d  i m i d a z o l i d - 2 - o n e s  
a r e  g iv e n  i n  T ab le  5 .3
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T ab le  5*3
C arb o n y l i n f r a r o d  a b s o r p t i o n  f r e q u e n c i e s  and u l t r a v i o l e t  e x t i n c t i o n  
c o e f f i c i e n t s  o f  some s u b s t i t u t e d  im id a z o l id - 2 - o n o Lq
a V1) v. , |  r e f .Compound £ max V c = o
cm
V c = 0
l i t .  v a l u e s  
-1cm
I Im id a z o l i d - 2 - o n e - 1660 16611 0 9 ; 
166011°
I I 1 , 3 -D ie th y l im id a z o l id - 2 - - o n e -
omCDVD -
I I I 1 , 3 - D ib o n z y l im id a z o l id - 2 -o n e 400 1685 -
IV 1 , 3 - D ip h e n y l im id a z o l id - 2 -o n o 37 ,000 1690 169060
V 1- E t h y l - 3 - v i n y l i m i d a z o i i d - 2 - o n e 20 ,8 0 0 1705° -
VI 1 , 3 - D iv in y l im i d a z o l i d - 2 - o n e 37 ,600 1725 171 5- 
172555
V II 1 - F o r m y l im id a z o l id - 2 - o n e 1 4 ,250 1725 -
V II I 1 - A c e ty l im i d a z o l i d - 2 - o n o 13 , 000 1750 17501 0 9 ; 
1740108 ; 
1749111
IX 1 , 3 - D ia c e t y l i m i d a z o l i d - 2 - o n e 25 ,5 0 0 1755 175° I  V d o  
1760 ;
1759108
cL ta k e n  from  T ab le  3 .3
p o ta s s iu m  brom ide  d i s c  u n l e s s  o th e r w i s e  s t a t e d
c . .l i q u i d  f i l m
The d a t a  i n  T ab le  5 .3  i n d i c a t e  t h a t  t h e  c a rb o n y l  a b s o r p t i o n  f r e q u e n c y  
o f  i m i d a z o l id - 2 - o n e  i s  s h i f t e d  to  a h i g h e r  f r e q u e n c y  on s u b s t i t u t i o n  w i th  
a  g roup  w hich can  be c o n ju g a te d  w i th  t h e  c a rb o n y l  g roup  v i a  t h e  n i t r o g e n  
atom. Compare V q - q  ^o r  compound I  w i th  compounds VII and V I I I  and com pare 
compound I I  w i th  compound V. The e f f e c t  a l s o  a p p e a r s  to  be  a d d i t i v e ;  two 
s u b s t i t u e n t s  c a u s in g  a g r e a t e r  f r e q u e n c y  s h i f t  th a n  do es  one  s u b s t i t u e n t .  
Compare compounds I ,  V I I I  and IX and compounds I I ,  V and VI. T h is  e f f e c t
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correlates with the extinction coefficients of the ultraviolet absorption
b ands  (an d  h e n c e  d e g re e  o f  c o n j u g a t i o n ) .
1 03G reen h a ig h  and W ein b e rg e r  °  h ave  r e l a t e d  t h e  f r e q u e n c i e s  a s s i g n e d  to
th e  r i n g  c a r b o n y l  i n  mono- and d i - a c y l i m i d a z o l i d - 2 - o n e s  to  t h e  d e g r e e  o f
a c y l a t i o n  o f  t h e  m o le c u le  and w i th  t h e  e l e c t r o n - w i t h d r a w i n g  power o f  t h e
a c y l  g ro u p .  They s t a t e  t h a t  a c y l a t i o n  r e d u c e s  t h e  a v a i l a b i l i t y  o f  t h e
e l e c t r o n s  on th e  n i t r o g e n  atom, d e c r e a s i n g  t h e  m esom eric e f f e c t  o f  t h e
r i n g  c a r b o n y l ,  w hich r e s u l t s  i n  a  h i g h e r  c a rb o n y l  f r e q u e n c y .  R ic h a r d s  and 
11 2Thompson o b s e rv e d  a  s i m i l a r  i n c r e a s e  i n  t h e  c a r b o n y l  f r e q u e n c y  i n  a 
s e r i e s  o f  a n i l i d e s .  I n  t h i s  c a s e  t h e  a r o m a t ic  r i n g  on t h e  n i t r o g e n  atom 
r e d u c e s  t h e  a v a i l a b i l i t y  o f  th e  lo n e  p a i r  o f  e l e c t r o n s  on t h i s  atom th u s  
r e d u c i n g  th e  i o n i c  form  o f  th e  c a rb o n y l  g ro u p .
For 1 , 3 - d i e t h y l i m i d a z o l i d - 2 - o n e  ( i l ) ,  1 - e t h y 1 - 5 - v i n y l im i d a z o l i d - 2 - o n e  
( v )  and 1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  ( V i ) ,  t h e  i n c r e a s e  i n  c o n j u g a t i o n  i s  
i n  t h e  o r d e r ,  I I  ^  V ^ V I . T h is  i n c r e a s e  i n  c o n j u g a t io n  r e d u c e s  th e  
a v a i l a b i l i t y  o f  e l e c t r o n s  a t  t h e  n i t r o g e n  atom s and h en ce  t h e  r i n g  c a r b o n y l  
f r e q u e n c i e s  i n c r e a s e - w i’t h  i n c r e a s i n g  c o n j u g a t i o n .  S i m i l a r  e f f e c t s  h av e  
been  o b s e rv e d  f o r  o t h e r  IT ,N * -d iv in y lu re a s  and th e  r e s u l t s  a r e  shown i n  
T a b le  5 .4  a lo n g  w i th  t h e  d a t a  f o r  some a n a lo g o u s  s a t u r a t e d  u r e a s .  A gain  
a  sy s tem  w i th  c o n j u g a t io n  shows an i n c r e a s e  I n  c a rb o n y l  a b s o r p t i o n  f r e q u e n c y  
o v e r  a n o n - c o n ju g a tc d  s y s tem . The c h an g e s  i n  c a rb o n y l  f r e q u e n c i e s  a r e  l e s s  
marked i n  t h e s e  exam ples  th a n  th e  f iv e -m em b e re d  r i n g  i m i d a z o l i d - 2 - o n e  s e r i e s  
( T a b le  5 . 3 ) .
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T ab le  5 .4
C arbony l i n f r a r e d  a b s o r p t i o n  f r e q u e n c i e s  o f  some sub s t i t u t e d  u r e a s
Compound V«x>a-1cm
Reference
1 ,3-Dimethy1-1 , 3-divinylurea 1 665 ° —
1»1 j 3-Tetramethylurea 1640b -
1 , 3-Diphenyl-1, 3-divinylurea 1675 -
1 , 3-Diphenylurea 1660
1 , 3-Dimethyl-1, 3-diphenylurea 1635 11 3
1 , 3-Divinylhexahydropyrimid-2-one 1665 —
1 ,3-Diethylhexahydropyrimid-2-one 1645b -
1 ,3-Divinylurea 1660 60
1 , 3-Dimethylurea 1640 —
po tass ium , b rom ide  d i s c  u n l e s s  o th e r w i s e  s t a t e d  
b l i q u i d  f i l m
5 .4  S i n g l e  C r y s t a l  X - ra y  S i f f r a c t i o n
I n  o r d e r  to  t r y  and e l u c i d a t e  th e  p r e c i s e  s t r u c t u r e  o f  one o f  t h e  
N , N ' - d i v i n y l u r e a s  s u i t a b l e  c r y s t a l s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  w ere  
grown f o r  X -ray  e x a m in a t io n .  The c r y s t a l s  were f r a g i l e  and showed a 
p ro m in e n t  c l e a v a g e  p la n e  which s u g g e s t s  a l a y e r  s t r u c t u r e  f o r  t h e  m o le c u le s  
i n  t h e  c r y s t a l .  A lthough  a  s a t i s f a c t o r y  r o t a t i o n  p h o to g ra p h  was o b t a i n e d  
th e  z e ro  and f i r s t  l a y e r  W e isse n b e rg  p h o to g ra p h s  i n d i c a t e d  t h a t  th e  
c r y s t a l  .was decom posing  q u i t e  r a p i d l y  on i r r a d i a t i o n .  T h is  would mean t h a t  
i n  o r d e r  to  co m p le te  t h e  c r y s t a l  s t r u c t u r e  d e t e r m i n a t i o n  t h e  c r y s t a l  
would h ave  to  be r e p l a c e d  many t im e s .  I n  v iew  o f  t h e  c o m p le x i ty  o f  a l ig n m e n t  
o f  each  c r y s t a l ,  t h e  d e t e r m i n a t i o n  o f  th e  c r y s t a l  s t r u c t u r e  o f  1 , 3 —d i v i n y l - 
i m i d a z o l i d - 2 - o n e  was c o n s id e r e d  to  be i m p r a c t i c a b l e .
However, a s u i t a b l e  c r y s t a l  o f  1 , 3 -d ip h e n y l -1  , 3 - d i v i n y l u r e a  was 
grown and mounted and t h i s  d id  n o t  decompose when i r r a d i a t e d  w i th  X - r a y s  
i n  t h e  d i f f r a c t o m e t e r .  The d e t e r m i n a t i o n  o f  t h e  a b s o l u t e  s t r u c t u r e  o f  
1 , 3—d i p h e n y l - 1 , 3 - d i v i n y l u r e a  w i l l  be u n d e r t a k e n  by D r. G .H « ¥ .M ilb u m  i n
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t h i s  d e p a r tm e n t .  The s i z e  o f  th e  u n i t  c e l l  f o r  a c r y s t a l  o f  1 , 3 - d i p h e n y l -  
t , 3 - d i v i n y l u r e a  h a s  b een  o b t a i n e d  from  r o t a t i o n a l ,  z e ro  and  f i r s t  l a y e r  
W e issen b e rg  p h o to g r a p h s .  The c o l l  d im e n s io n s  a r e s
a  = 1 6 .4 0  A b = 8 .9 6  A°; c = 1 0 .9 3  A°j w ith  a n g l e s  o fs  0* = $  = 9 0 ° ;
/S  = 114 .6°o  T hese  v a l u e s  s u g g e s t  t h a t  th e  u n i t  c e l l  w i l l  be  o f  t h e  
m o n o c l in ic  ty p e  ( F i g u r e  5»1)
F ig u r e  5*1
Space l a t t i c e  o f  a 1 f 3 ~ d ip h en y l-1  *3 - d i v i n y l u r c a  m o le c u le  
( r a o n o c l in ic  u n i t  c e l l )
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CONCLUSIONS -  PART 1
The s y n t h e s i s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  (DVl), 1 , 3 - d i v i n y l h e x a -
h y d ro p y r im id -2 -o n e  (DVHHP), 1, > - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  (DPDVU) and 1 , 3 -
d im e th y l-1  , 3 - d i v i n y l u r e a  ( DMDVXT) i s  d e s c r i b e d .  H o m o p o ly m er isa t io n  o f  DVI
and DVHHP p ro d u ced  i n s o l u b l e ,  i n f u s i b l e  and h e n c e  c r o s s - l i n k e d  p o ly m ers
55c o n f i rm in g  th e  r e s u l t s  o f  Crawshaw and J o n e s  and i n d i c a t i n g  t h e  f a i l u r e  
o f  t h o s e  monomers to  c y c lo p o ly m e r i s e .  DPDVU and DMDVU c o u ld  n o t  be 
p o ly m e r is e d  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s  and i n i t i a t o r s .
Crawshaw and J o n e s  p ro p o s e d  f o r  th e  s t r u c t u r e  o f  DVI and DVHHP aI >c o p la n a r  a r ra n g e m e n t  o f  t h e  CH2=CH-N-“C0-N-CH=CE2 sy s tem  p ro d u c e d  by
c o n j u g a t io n  o f  t h e  lo n e  p a i r  e l e c t r o n s  on t h e  n i t r o g e n  atom s w i th  th e  
c a rb o n y l  and v i n y l  d o u b le  b onds .  Such a  p l a n a r  a r r a n g e m e n t  w ould te n d  to  
f a v o u r  i n t e r m o 1e c u l a r  p r o p a g a t io n  r a t h e r  th a n  t h e  c y c l o p o l y m e r i s a t i o n  
mechanism. C o p o ly m e r i s a t io n  s t u d i e s  u s i n g  e t h y l  a c r y l a t e  a s  comonomer 
s u g g e s t  t h a t  t h e  N -v in y l  group  i n  t h e s e  N ,N - d iv in y l u r e a s  a r e  l e s s  r e a c t i v e  
th a n  th e  N -v in y l  g roup  i n  1- e t h y l - 3 ~ v i n y l i m i d a z o l i d - 2 - o n e .  T h is  seems to  
s u p p o r t  t h e  p r o p o s a l  o f  Crawshaw and J o n e s .
The i n a b i l i t y  o f  DPDVU to  p o ly m e r i s e  can  be e x p la in e d  by t h e  f a c t  
t h a t  a d d i t i o n  o f  a r a d i c a l  to  t h i s  monomer p ro d u c e s  a  r e s o n a n c e  s t a b i l i s e d  
f r e e  r a d i c a l .  T h is  compound a c t s  a s  an i n h i b i t o r  o f  t h e  p o l y m e r i s a t i o n  o f  
DVI and DVHHP and a r e t a r d e r  o f  t h e  p o l y m e r i s a t i o n  o f  s t y r e n e .
I t  i s  s u g g e s te d  t h a t  DMDVU i s  a l s o  a c o n ju g a te d  m o le c u le  a s i t u a t i o n  
w hich  would n o t  f a v o u r  th e  i n t r a m o l e c u l a r  r e a c t i o n  ( c y c l o p o l y m e r i s a t i o n ) .
The f a i l u r e  o f  th e  i n t e r m o 1 e c u l a r  p r o p a g a t io n  r e a c t i o n  a l s o  i s  a t t r i b u t e d  
to  c t e r i c  L in d e r a n c e  to w a rd s  o t h e r  m o le c u le s  by t h e  m e thy l  g roup  a t t a c h e d  to  
t h e  same n i t r o g e n  atom a s  an i n i t i a t e d  v i n y l  g ro u p .  T h is  w ould n o t  o c c u r  
i n  th e  c y c l i c  u r e a s  DVl and DVHHP.
A l l  o f  t h e  N , N ' - d i v i n y l u r e a s  h ave  a s t r o n g  a b s o r p t i o n  band i n  t h e  
u l t r a v i o l e t  r e g i o n  o f  t h e  sp ec tru m , which i s  good e v id e n c e  f o r  t h e  
c o n j u g a t io n  o f  t h e  e l e c t r o n  p a i r s  on th e  n i t r o g e n  atom w i th  t h e  'T f 
e l e c t r o n s  o f  th e  v i n y l  and c a rb o n y l  d o u b le  bond. F u r t h e r  s u p p o r t  f o r  
such  c o n j u g a t io n  i s  o b t a in e d  from  n u c l e a r  m a g n e t ic  r e s o n a n c e  and i n f r a r e d  
s p e c t r o s c o p y .
R apid  h y d r o l y s i s  o f  t h e  N -v in y l  group  i n  aqueous  s o l u t i o n ,  y i e l d i n g  
a c e ta l d e h y d e  and th e  c o r r e s p o n d in g  u r e a ,  do es  n o t  a l lo w  t h e  p o s s i b i l i t y  ox' 
p o l y m e r i s a t i o n  o f  t h e s e  monomers u n d e r  c o n d i t i o n s  w here t h e  c o n j u g a t i o n  
h a s  been  removed by p r o t o n a t i o n  o f  t h e  n i t r o g e n  atom . A lth o u g h  k i n e t i c  
p r o t o n a t i o n  o f  t h e s e  compounds t a k e s  p l a c e  a t  t h e  n i t r o g e n  atom , r e a c t i o n
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to the thermodynamic product takes p lace v ia  protonation a t the (&- 
carbon atom.
This work has made a contribution  to a b e tter  understanding o f  the  
stru ctu re and polym erisation behaviour o f N,N’-d iv in y lu rea s .
RESULTS AND DISCUSSION 
PART 2
Determination o f Ring S ize  in  Cycla polymers 
from D iv in y l Phosphorates
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CHAPTER 6
Monomer S y n th e s i s  and C y c l o p o ly m e r i s a t i on 
6 a1 I n t r o d u c t i o n
D iv in y l  p h o s p h o n a te s  ( 6 . I ) a r e  f u r t h e r  exam ples  o f  1 , 6 - d i e n e s ;  i f  
c y c l o p o l y m e r i s a t i o n  o f  t h e s e  monomers co u ld  be  a c h ie v e d ,  p o ly m e rs  w i th  
f i v e -  ( 6 . 1 l )  a n d / o r  s ix -m em bered  r i n g  r e p e a t i n g  u n i t s  ( 6 . I l l )  would be  
e x p e c te d .
Is* O N ,
0
CH
I0
0 ^  ' ' p .
CE CH
\
i rv
c / N / n
( 6 . 1 ) ( 6 . I I )
' \  ( 6 . I l l )
S '
O th e r  p h o sp h o ru s  c o n t a i n i n g  1 , 6 - d i e n e s  h ave  been  r e p o r t e d  to  y i e l d
114 116 114c y c lo p o ly m e rs  ~ . B u t l e r  and B e r l i n  d e s c r i b e d  t h e  p o l y m e r i s a t i o n  o f
d i a l l y l p h e n y l p h o s p h i n e  o x id e  ( 6 . I V )  and d im e th a l ly lp h e n y lp h o s p h in e  o x id e
(6 .V )  and s u g g e s te d  t h a t  th e  c y c lo p o ly m e rs  p ro d u c e d  c o n ta in e d  o n ly  s i x -
membered r i n g s  ( 6 . V l ) .  They n o te d  th e  p o s s i b i l i t y  t h a t  f lv e -m e m b e re d  r i n g s
c o u ld  be form ed b u t  r e j e c t e d  t h i s  th e o r y  on t h e  g ro unds  t h a t  su ch  a  s t r u c t u r e
would n e c e s s i t a t e  f o r m a t io n  o f  a p r im a ry  r a d i c a l  r a t h e r  th a n  a s e c o n d a ry

( o r  t e r t i a r y )  r a d i c a l .  They a l s o  s t a t e d ,  a t  t h a t  t im e  ( i 9 6 0 ) ,  t h a t  a  f i v e -  
membered r i n g  had n e v e r  b een  r e p o r t e d  i n  c y c l i c  p o ly m e r i s a t i o n s  i n v o l v i n g  
s y m m e tr ic a l  1 , 6 - d i e n e  sy s tem s  w i th  t e r m i n a l  m e th y len e  g ro u p s .
CH2V  CH2 ^  
RC CR
0
( 6 . IV, R=H; 6 . V, R=CH5 ) ( 6 .V l )
More r e c e n t  i n v e s t i g a t i o n s  o f  t h e  c y c l o p o l y m e r i s a t i o n  r e a c t i o n
( d i s c u s s e d  i n  t h e  INTRODUCTION to  t h i s  t h e s i s )  h ave  shown t h a t  f iv e -m e m b e re d
r i n g s  a r e  form ed I n  a d d i t i o n  to  s ix -m em bered  r i n g s .
115R u t l e r  and B e r l i n  a g a in  p ro p o se d  s ix -m em bered  c y c l i c  u n i t s  ( 6 . ' ' / I l l )  
f o r  t h e  c y c lo p o ly m e rs  from  d im c th a l ly lm e th y lp h o s p h in e  o x id e  ( 6 . V I I ,  R=CE^)
and d i m e t h y l a l l y l e t h y l p h o s p h i n e  o x id e  ( 6 . V I I ,  R=CpK,-). The p o l y m e r i s a t i o n s
116o f  d ia l ly ld ip h e n y lp h o s p h o n iu m  brom ide  ( 6 . I X )  was a l s o  r e p o r t e d  to  
y i e l d  a s ix -m em bered  r i n g  c y c lo p o ly m e r  (6.x) w hich  when t r e a t e d  w i th  
sodium h y d ro x id e  gave ' a po lym er w i th  an i d e n t i c a l  i n f r a r e d  s p e c tru m  to  
p o l y ( d i a l l y l p h e n y l p h o s p h i n e  o x id e )  ( 6 .X l )  p r e p a r e d  by c y c l o p o l y m e r i s a t i o n  
o f  d i a l l y l p h e n y l p h o s p h i n e  o x id e .
CH>w CECEL— 't! I C —
H2CX p / CE2 
/  NR 0
CE CE
CH2
/  \
( 6 . V II) ( 6 . V I I l )
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.CH,CH,
:~c ch 02 v  + /  2
/ \"« rr '  n ti
BrBr
OH
( 6 . IX)
!H.
( 6 . X I )
A l l  t h e  p h o sp h o ru s  c o n t a i n i n g  c y c lo p o ly m e rs  m en tio n ed  p r e v i o u s l y
- 1have  i n t r i n s i c  v i s c o s i t i e s  o f  0 ,0 4  -  0 .0 8  d l . g  , w hich s u g g e s t s  t h a t  t h e
po lym ers  have  a low m o le c u la r  w e ig h t .  The f a i l u r e  o f  u n s a t u r a t e d  p h o sp h o ru s
c o n t a i n i n g  monomers to  y i e l d  h ig h  m o le c u la r  w e ig h t  p o ly m ers  i s  n o t  o n ly  a
11 7f e a t u r e  o f  t h e  c y c l o p o ly m e r i s a t i o n  r e a c t i o n .  R ab in o w itz  e t . a l .  found
m o le c u la r  w e ig h t s  o f  a b o u t  1200 f o r  th e  homopolymers from  d i p h e n y l v i n y l -
p h o sp h in e  o x id e  and 4470 f o r  th o s e  from  d ip h e n y lv in y l p h o s p h i n e  s u l p h i d e .
— 1These p o ly m ers  had i n t r i n s i c  v i s c o s i t i e s  o f  0 .0 2 7  d i . g  ( i n  c h lo ro f o r m )—1 118 and 0 .0 4 0  d l . g  ( i n  b en ze n e )  r e s p e c t i v e l y .  M urray , found  m o le c u la r
w e ig h t s  o f  up to  5500 f o r  d i e t h y l  v i n y l p h o s p h a te .
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119I o n i s i n g  r a d i a t i o n  h a s  been  u se d  by T s e t l i n  and c o -w o rk e r s  to
p o ly m e r i s e  d i e t h y l -  and d ip h e n y lv in y lp h o s p h in e  o x id e s  and p r o d u c t s  w i th
1 20m o le c u la r  w e ig h ts  o f  30 ,000  h av e  been  o b t a i n e d .  P e l l o n  and V alan  u s e d
X -ra y s  to  p ro d u c e  po ly m ers  o f  m o le c u la r  w e ig h t  270 ,000  from t r i b u t y l v i n y l -
phosphonium  brom ide  i n  aqueous  s o l u t i o n s .  These two exam ples  a r e  from  th e
few c a s e s  r e p o r t e d  w here h ig h  m o le c u la r  w e ig h t  p o lym ers  h av e  been  o b t a i n e d
from  p h o sp h o ru s  c o n t a i n i n g  monomers.
Thus, h ig h  m o le c u la r  w e ig h t  p o ly m ers  were n o t  e x p e c te d  ( n o r  w ere th e y
o b ta in e d )  from  p o l y m e r i s a t i o n s  o f  d i v i n y l  p h e n y Ip h o s p h o n a te  and d i v i n y l
m e th y lp h o sp h o n a te .  However, th e  po ly m ers  o b t a in e d  were s o l u b l e ,  f u s i b l e
s o l i d s  and had  no r e s i d u a l  l o s a t u r a t i o n ,  i n  c o n t r a s t  to  p r e v i o u s  r e p o r t s  o f
1 21t h e i r  p r o p e r t i e s .  G-efter and K abachnik  r e p o r t e d  p o l y ( d i v i n y l  p h e n y lp h o s -
p h o n a te )  a s  a  b la c k ,  i n s o l u b l e ,  n o n -c o m b u s t ib le  s o l i d  and p o l y ( d i v i n y l
m e th y lp h o s p h o n a te )  a s  a l i g h t  y e l lo w ,  i n s o l u b l e  n o n - c o m b u s t ib le  s o l i d .
1 22P r e v io u s  to  t h i s  Upson r e p o r t e d  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te )  a s  a
v i s c o u s  l i q u i d  o r  a  s o f t  ta c k y  s o l i d .  Both  p a p e r s  w ere p u b l i s h e d  b e f o r e
th e  d i s c o v e r y  o f  t h e  c y c l o p o l y m e r i s a t i o n  r e a c t i o n  and h en c e  t h e  p o s s i b i l i t y
o f  l i n e a r  p o ly m ers  was n o t  e x p e c te d ,  n o r  was i t  i n v e s t i g a t e d .  The i n s o l u b l e
p o ly m ers  (p re su m a b ly  c r o s s - l i n k e d )  w ere o b t a in e d  by p o l y m e r i s a t i o n s  i n
1 21b u lk ;  G -efter and K abachn ik  h e a t e d  d i v i n y l  p h e n y lp h o s p h o n a te  f o r  15 Oh 
a t  50°C w i th  b e n z o y l  p e r o x id e  a s  i n i t i a t o r .
T h is  work h a s  shown t h a t  s o l u b l e  p o lym ers  (p ro p o s e d  a s  c y c lo p o ly m e r s )  
can  be o b t a in e d  by p o l y m e r i s a t i o n  o f  d i v i n y l  p h o s p h o n a te s  i n  d i l u t e  
s o l u t i o n ,  e s p e c i a l l y  i f  p o l y m e r i s a t i o n  i s  c a r r i e d  o u t  a t  low t e m p e r a t u r e  
and th e  i n i t i a t o r  i s  decomposed p h o t o l y t i c a l l y .
6 .2  S y n th e s i s  and P o l y m e r i s a t i o n  o f  D iv in y l  P h e n y lp h o s p h o n a te
D iv in y l  p h e n y lp h o sp h o n a te  ( 6 . 1 ,  R=C^H(-) was p r e p a r e d  by t h e  method o f  
1 21G e f t e r  and K abachnik  ( C h a r t  H).Low y i e l d s  w ere r e p o r t e d  by t h e s e  a u t h o r s
and o n ly  v e r y  b r i e f  e x p e r im e n ta l  d e t a i l s  were g iv e n .  An a l t e r n a t i v e  r o u t e
to  d i v i n y l  p h e n y lp h o sp h o n a te  which in v o lv e d  d e h y d r o c h l o r i n a t i o n  o f  b i s ( 2 -
1 22c h l o r o e t h y l )  p h e n y lp h o sp h o n a te  (nil) was a t t e m p te d  many t im e s  w i th o u t
1 2 3 1 2 A-s u c c e s s .  These f i n d i n g s  a g r e e  w i th  t h o s e  o f  o t h e r  w o rk e rs  who
1 22c o n s i d e r  t h e  r e s u l t s  p u b l i s h e d  by Upson to  be e r r o n e o u s .
P h en y lp h o sp h o n ic  d i c h l o r i d e  was added  to  a  c o o le d  s o l u t i o n  o f  
a c e ta l d e h y d e  and t r i e t h y l a m i n e  u n d e r  an a tm o s p h e re  o f  n i t r o g e n .  A f t e r  
rem oval o f  t r i e t h y l a m i n e  h y d r o c h lo r i d e  by f i l t r a t i o n ,  t h e  f i l t r a t e  was 
c o n c e n t r a t e d  on a r o t a r y  e v a p o r a to r  and th e n  d i s t i l l e d  u n d e r  r e d u c e d  
p r e s s u r e  to  g iv e  d i v i n y l  p h e n y lp h o sp h o n a te  ( H i ) .  The r e a g e n t s  w ere 
r i g o r o u s l y  p u r i f i e d  to  o b t a i n  th e  s t a t e d  y i e l d  (4 1 /t) ;  p h e n y lp h o sp h o n ic  ...
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d i c h l o r i d e  was p u r i f i e d  by r e p e a t e d  d i s t i l l a t i o n ;  a c e t a l d e h y d e  was sh ak en
w i th  sodium b i c a r b o n a t e ,  d i s t i l l e d  from c a lc iu m  s u l p h a t e  and th e n  re~
1 25d i s t i l l e d  from  h y d ro q u in o n e  ; t r i e t h y l a m i n e  was t r e a t e d  w i th  b e n z o y l
1 26c h l o r i d e  b e f o r e  b e in g  d i s t i l l e d  from  sodium m e ta l
The s l i g h t l y  im pure  p r o d u c t  was r e - d i s t i l l e d  on a N e s t e r - F a u s t
s p in n in g  band column g i v i n g  a sam ple  w hich had  th e  c o r r e c t  a n a l y s i s  f o r
d i v i n y l  p h e n y lp h o sp h o n a te  and gave  o n ly  one p eak  on a g a s - l i q u i d
chromatogram,, The s t r u c t u r e  o f  d i v i n y l  p h e n y lp h o sp h o n a te  was c o n f irm e d
u s in g  e v id e n c e  s u p p l i e d  by i n f r a r e d ,  n . m - r ,  and mass s p e c t ro m e try *
—  1An i n f r a r e d  sp e c tru m  showed p eak s  a t  5060 and 1642 cm ( v i n y l  g ro u p ) ,
— 1 — 11280 cm (p h o s p h o n a te  P=o) and a t  755? 722 and 692 cm"" ( p h e n y l  g r o u p ) .
The n . m . r .  sp e c tru m  o f  d i v i n y l  p h e n y lp h o sp h o n a te  showed t h r e e  s e t s  o f  p e a k s ;
a low f i e l d  m u l t i p l e t  1 .9  -  2 .6  (p h e n y l  p r o t o n s ) ;  a m u l t i p l e !  5*1 -  3«6
(p-0-CH=CH2 ) and two o v e r l a p p in g  q u a r t e t s  4 .9  -  5 .5  ( P-O-Cl^OH^)«
The r e l a t i v e  a r e a s  o f  th e  t h r e e  s i g n a l s  w ere 5 : 2 : 4 ,  which a g r e e s  w i th  t h e
t h e o r e t i c a l  i n t e g r a t i o n .
1 H N .m .r .  s p e c t r a  o f  o rg a n o -p h o s p h o ru s  compounds a r e  made more 
complex by a d d i t i o n a l  s p l i t t i n g  c au sed  by t h e  p h o sp h o ru s  atom , w hich  h a s  a 
n u c l e a r  s p i n  v a l u e  o f  y .  Thus, a sam ple  c o n t a i n i n g  a  g r o u p in g  su ch  a s  
CH^-P h a s  t h e  m e th y l  s i g n a l  s p l i t  i n t o  a  d o u b le t  by the  p h o s p h o ru s  atom .
12 16Atoms w i th  a n u c l e a r  s p i n  v a lu e  o f  z e r o ,  C and 0, would n o t  a f f e c t  
th e  m e th y l g ro u p  i n  compounds c o n t a i n i n g  CE^-C o r  CH^-0 and th e  m e th y l  g ro u p  
would a p p e a r  a s  a s i n g l e t .  ('The above exam ple assum es t h a t  t h e  ca rb o n  
atom i n  t h e  CH^-C g roup  would n o t  h av e  any hy d ro g en  atom s d i r e c t l y  
a t t a c h e d  to  i t ) .  I n  t h e  c a s e  o f  d i v i n y l  p h e n y lp h o sp h o n a te  p r o t o n s  a t  
p o s i t i o n s  2 and 6 o f  th e  p h e n y l  g roup  w i l l  be f u r t h e r  s p l i t  by t h e  
p h o sp h o ru s  atom b u t  t h e  e x t r a  s i g n a l s  c a n n o t  be d i s t i n g u i s h e d  i n  t h e  
p h en y l p r o to n s  m u l t i p l e t .  U n l ik e  hy d ro g en  atom s th e  s p i n - s p i n  s p l i t t i n g  
( c o u p l i n g )  o f  p h o sp h o ru s  can  be t r a n s m i t t e d  o v e r  t h r e e  a to m s .
The mass sp ec tru m  o f  d i v i n y l  p h e n y lp h o s p h o n a te  shows a m o le c u la r  
io n  a t  m/ e  210 w i th  a b a s e  peak o f  141+ . The f r a g m e n t a t i o n  p a t t e r n  i s
c o n s i s t e n t  w i th  t h e  s t r u c t u r e :  1 Si"1" l o s s  o f  by a M c L a f fe r ty
r e a r r a n g e m e n t ;  185+ l o s s  o f  CK^CH- and 167  ^ l o s s  o f  CH^CH-Q-.
The p o l y m e r i s a t i o n  o f  d i v i n y l  p h e n y lp h o sp h o n a te  was a c h ie v e d  u s i n g  
b e n z o y l  p e r o x id e  o r  a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r ,  t h e  r e s u l t s  and 
c o n d i t i o n s  b e in g  sum m arised i n  T ab le  6 . 1 .  The p o lym ers  w ere i s o l a t e d  from  
th e  p o l y m e r i s a t i o n  r e a c t i o n  a s  w h i te  am orphous pow ders by d ro p w is e  
a d d i t i o n  i n t o  v i g o r o u s l y  s t i r r e d  d i e t h y l  e t h e r  o r  l i g h t  p e t r o l e u m .  A l l  t h e  
p o ly m ers  shown i n  T ab le  6.1 ( w i th  t h e  e x c e p t io n  o f  t h e  sam ple  from
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p o l y m e r i s a t i o n  i n  b u lk )  had  s o f t e n i n g  p o i n t s  i n  t h e  r a n g e  130-160°C .
T a b le  6.1
P o l y m e r i s a t i o n  o f  d i v i n y l  p h e n y lp h o sp h o n a te
Wt o f  
monomer
8
S o lv e n t
(tfo W/ w)
I n i t i a t o r
mol $
Time
h
T em p era tu re
°C
C o n v e rs io n
fo
1 .0 - BPC 2 .0 60 70 9 0 b
5 .0 n -h e x a n e  ( 1 5 ) ABINd+hV 2 .0 20 20 30
2 .0 DKFe (5 0 ) ABIhd+hp 2 .0 1 6 20 26
3 .0 DMFe (4 0 ) ABINd+h>) 2 . 0 5 20 39
5 .0 n -h e x a n e  ( 1 5 ) ABINd 2 .0 •48 55 32
2 .0 DMFe (4 0 ) ABINd 2 .0 20 70 50
2 .0 THFf (5 0 ) ABIN +h^ 2 .0 15 20 27
ci e s t i m a t e d  g r a v i m e t r i c a l l y
i n s o l u b l e  po lym er (p re s u m a b ly  c r o s s - l i n k e d )
C b e n z o y l  p e r o x id e  
d a z o b i s i s o b u t y r o n i t r i l e
6 N, N -d im e thy lfo rm am ide
f t e t r a h y d r o f u r a n
A l l  t h e  po lym ers  o f  d i v i n y l  p h e n y lp h o s p h o n a te  were s o l u b l e  i n  
N ,N -d im e thy lfo rm am ide  and d im e th y l s u lp h o x id e ,  w i th  t h e  e x c e p t i o n  o f  t h e  
sam ple  from  p o l y m e r i s a t i o n  i n  b u lk ,  which was presum ed to  be c r o s s - l i n k e d  
i n  v iew  o f  i t s  i n s o l u b i l i t y  and i n f u s i b i l i t y .  A f t e r  r e p e a t e d  r e - p r e c i p i t ­
a t i o n  o f  th e  s o l u b l e  p o ly m ers ,  i n f r a r e d  and n . m . r .  s p e c t r a  w ere  o b t a i n e d .
The i n f r a r e d  s p e c t r a  showed no e v id e n c e  o f  any r e s i d u a l  u n s a t u r a t i o n  and
—1 —1b ands  a t  1280 cm"* (P = 0 ) ;  755> 722 and 692 cm ( p - p h e n y l ) .  The n , m . r .
s p e c t r a  o f  p o l y ( d i v i n y l  p h e n y lp h o sp h o n a te )  showed t h r e e  s e t s  o f  b ro a d  
p e a k s  a t  2 .2  -  2 .7  % , 4 . 8  -  5 .8  X> and 7 .8  -  8 . 8  "C f w hich i s  v e r y  
d i f f e r e n t  from  th e  s p e c tru m  o f  t h e  monomer. The s p e c t r a  showed no e v id e n c e  
o f  r e s i d u a l  u n s a t u r a t i o n  and t h e  a p p e a ra n c e  o f  p e a k s  w hich a r e  a t t r i b u t e d  
to  p r o to n s  i n  s a t u r a t e d  sy s te m s .  A sam ple  o f  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te )
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had  a re d u c e d  s p e c i f i c  v i s c o s i t y  o f  0 .0 4 2  i n  s o l u t i o n s  o f  N ,H -d im e th y lfo rm  
am ide. T h is  s u g g e s t s  t h a t  t h e  po ly m ers  a r e  o f  a low m o le c u la r  w e ig h t .
To e x p l a i n  t h e  f o r m a t io n  o f  s o lu b le *  f u s i b l e  and h e n c e  l i n e a r  p o ly m e rs  
from  d i v i n y l  p h e n y lp h o sp h o n a te ,  c o n t a i n i n g  no r e s i d u a l  u n s a t u r a t i o n ,  i t  i s  
p ro p o s e d  t h a t  th e y  a r e  p ro d u ced  v i a  a c h a in —gro w th  mechanism i n v o l v i n g  
a l t e r n a t i n g  i n t r a m o l e c u l a r  and i n t e r m o l e c u l a r  s t e p s .  T h is  mechanism i s  
known a s  c y c l o p o l y m e r i s a t i o n .
6 .5  S y n t h e s i s  and P o ly m e r i s a t i o n  o f  D iv in y l  M e th y lp h o sp h o n a te .
D iv in y l  m e th y lp h o s p h o n a te  ( 6 . 1 ,  R=CH~) was p r e p a r e d  by t h e  method
1 21o u t l i n e d  by G e f t e r  and K abachnik  and g iv e n  i n  g r e a t e r  d e t a i l  i n  a l a t e r
; 124 p u b l i c a t i o n  by G e f t e r  . The f i r s t  s t e p s  i n  th e  method w ere  to w a rd s  t h e
s y n t h e s i s  o f  m e th y lp h o sp h o n ic  d i c h l o r i d e  ( C h a r t  j ) .
The diethyl ester o f  methylphosphonic acid ( J l )  was prepared by an
Arbuzov reaction involving triethylphosphite and methyl iodide according
1 27to  t h e  method o f  Ford-M oore and W il l ia m s  . The e s t e r  was o b t a i n e d  i n  
good y i e l d  (95/£>) by vacuum d i s t i l l a t i o n  o f  t h e  r e s i d u e  a f t e r  e t h y l  i o d i d e  
had b een  rem oved. H y d r o ly s i s  o f  d i e t h y l  m e th y lp h o sp h o n a te  w i th  h y d r o c h l o r i c  
a c i d  gave  m e th y lp h o sp h o n ic  a c i d  ( d l l )  which was c o n v e r t e d  i n t o  m e th y lp h o s ­
p h o n ic  d i c h l o r i d e  ( J i l l )  by h e a t i n g  w i th  a s l i g h t  e x c e s s  o f  p h o sp h o ru s  
p e n ta c h lo r id e " '
F o r  t h e  s y n t h e s i s  o f  d i v i n y l  m e th y lp h o s p h o n a te  o n ly  c a r e f u l l y  p u r i f i e d  
s t a r t i n g  m a t e r i a l s  w ere useds  m e th y lp h o s p h o n ic  d i c h l o r i d e  was f r a c t i o n a l l y  
d i s t i l l e d ;  a c e ta l d e h y d e  and t r i e t h y l a m i n e  w ere  p u r i f i e d  as b e f o r e  ( 6 . 2 ) .
A s o l u t i o n  o f  m e th y lp h o sp h o n ic  d i c h l o r i d e  i n  b enzene  was added  to  a c o o le d  
m ix tu r e  o f  a c e t a l d e h y d e  and t r i e t h y l a m i n e  u n d e r  a n i t r o g e n  a tm o s p h e re .  A f t e r  
rem o v a l o f  t r i e t h y l a m i n e  h y d r o c h lo r i d e  by f i l t r a t i o n ,  t h e  f i l t r a t e  was 
c o n c e n t r a t e d  and th e n  d i s t i l l e d  u n d e r  r e d u c e d  p r e s s u r e  to  g iv e  d i v i n y l  
m e th y lp h o s p h o n a te  ( K l ) .  R e d i s t i l l a t i o n  o f  t h e  p r o d u c t  gave  a  sam p le  w hich  
had  o n ly  one p eak  i n  a g a s - l i q u i d  chrom atogram  and gave t h e  c o r r e c t  a n a l y s i s  
f o r  d i v i n y l  m e th y lp h o sp h o n a te .  The s t r u c t u r e  o f  d i v i n y l  m e th y lp h o s p h o n a te  
was c o n f irm e d  by i n f r a r e d ,  n . m . r .  and mass s p e c t r o m e t r y .
—1The i n f r a r e d  sp e c tru m  showed p e a k s  a t  5010 and 1645 cm (C=C), 1265
*** 1 *1 i PQcm (P=0) and 1 508 cm (p-CH^) . The n . m . r .  sp e c tru m  o f  d i v i n y l  m e th y l ­
p h o s p h o n a te  shows t h r e e  s e t s  o f  p e a k s  a t  5*1 ~ 5»6 ( m u l t i p l e t  CHpCH^)>
5 .0  -  5 .6  TT ( q u a r t e t  CH=CH2 ) and 8 . 5  -  8 .6  T ( d o u b l e t  CH^). The d o u b l e t  
o b s e rv e d  f o r  th e  m e th y l  g roup  i s  due to  t h e  p h o sp h o ru s  atom  s p l i t t i n g  t h e  
m e thy l s i g n a l .  The m u l t i p l i c i t y  o f  t h e  s i g n a l  due to  th e  CHyCH^ p r o t o n s  i s
a l s o  due to  c o u p l in g  w i th  th e  p h o sp h o ru s  atom .
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The mass sp ec tru m  o f  d i v i n y l  m e th y lp h o sp h o n a te  showed a weak m o le c u la r
io n  a t  m/ e  148 ( r e l a t i v e  abundance  1.8%) w i th  a  b a s e  peak  a t  / e  79® The
f r a g m e n ta t io n  p a t t e r n  i s  c o n s i s t e n t  w i th  th e  s t r u c t u r e ;  p e a k s  a t  1 9 3 '
l o s s  o f  CH„; 1 21+ l o s s  o f  CH =CH- and 105+ l o s s  o f  CEo=CH~0. The weak 3 2 2
1 *^0m o le c u la r  io n  ( L/ e  148) i s  t y p i c a l  o f  d i a l k y l  and d i a l k e n y l  p h o s p h o n a te s  <
b u t  t h i s  b e h a v io u r  i s  n o t  fo u n d  i n  th e  mass s p e c t r a  o f  p h o s p h o n a te s  h a v in g
1 30 /a ro m a t ic  s u b s t i t u e n t s  ( d i v i n y l  p h e n y lp h o sp h o n a te  had  a m o le c u la r  i o n  
o f  r e l a t i v e  abundance  26%).
D iv in y l  m e th y lp h o sp h o n a te  was p o ly m e r i s e d  i n  s o l u t i o n  u s i n g  
a z o b i s i s o b u t y r o n i t r i l e  a s  i n i t i a t o r ,  t h e  r e s u l t s  and c o n d i t i o n s  a r e  
sum m arised i n  T ab le  6 . 2 .  The p o ly m ers  w ere i s o l a t e d  from  th e  p o l y m e r i s a t i o n  
r e a c t i o n  by d ro p w ise  a d d i t i o n  i n t o  v i g o r o u s l y  s t i r r e d  e t h e r  o r  l i g h t  
p e t ro le u m .  A l l  th e  p o ly m ers  i n  T ab le  6 .2  had  s o f t e n i n g  p o i n t s  i n  t h e  r a n g e  
1 0 5 -1 2 0 °C.
T ab le  6 .2
P o l y m e r i s a t i o n  o f  d i v i n y l  m e th y lp h o sp h o n a te
Wt o f  
monomer 
g
S o lv e n t
( *  WA )
I n i t i a t o r
mol fo
Time
h
T em p era tu re
°C
» ciC o n v e rs io n
of7°
.■■A • -F* 00 DMFb (45 ) ABI !!C 2 .0 10 70 20
1 .4 8 THFQ (5 0 ) ABIN° +h)> 2 .0 17 20 30
1 .48 DMFb (5 0 ) ABINC 2 .0 14 70 27
1 .4 8 THFd (5 0 ) ABIN° 2 .0 20 70 15
a e s t i m a t e d  g r a v i m e t r i c a l l y  
b N, E—d im e th y 1fo rmami d e
Q a z o b i s i s o b u t y r o n i t r i l e
cL t e t r a h y d r o f u r a n
A l l  t h e  p o ly m ers  g iv e n  i n  T ab le  6 .2  w ere s o l u b l e  i n  N,N”-d im ethy lfo rm - 
am ide and had  i n f r a r e d  and n . m . r .  s p e c t r a  which i n d i c a t e d  t h e  a b s e n c e  o f  
r e s i d u a l  u n s a t u r a t i o n .  The n*.m.r. s p e c t r a  a g a in  showed a  c o n s i d e r a b l e  
d i f f e r e n c e  be tw een  th e  sp e c tru m  o f  t h e  po lym er and t h a t  o f  t h e  monomer.
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The p o ly m ers  had  p e a k s  i n  t h e  r a n g e s  4 .4  -  5.1 , 7 .0  -  7 .5  H  and 8 .2  ~
8 . 7  *€ . A re d u c e d  s p e c i f i c  v i s c o s i t y  o f  0 .0 8  (N,N“ d im e th y l fo rm a m id e )  was 
m easured  f o r  one sam ple  o f  t h e  p o lym er.
The c y c l o p o l y m e r i s a t i o n  mechanism must a g a in  be u s e d  to  e x p l a i n  t h e  
f o r m a t io n  o f  s o l u b l e ,  f u s i b l e  and h en ce  l i n e a r  p o ly m ers  from  d i v i n y l  
m e th y lp h o s p h o n a te .  Thus, b o th  d i v i n y l  m e th y lp h o s p h o n a te  and  d i v i n y l  
p h e n y lp h o sp h o n a te  can  y i e l d  c y c lo p o ly m e rs  u n d e r  s u i t a b l e  c o n d i t i o n s .
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GHAPTBR 7
A n a ly s i s  o f  R ing  S iz e  i n  P o l y ( d i v i n y l  p h o s p h o n a te s )
7.1 I n t r o d u c t i o n
A lth o u g h  a  s ix -m em bered  r i n g  r e p e a t i n g  u n i t  h a s  b een  p ro p o s e d  m ost
o f t e n  f o r  th e  s t r u c t u r e  o f  c y c lo p o ly m e rs  from  1 , 6 - d i e n e s ,  i t  i s  now
becom ing c l e a r  t h a t  t h e  po ly m ers  p r o b a b ly  c o n t a i n  some, i f  th e y  a r e  n o t  a l l ,
f ive-m em berod  r i n g s .  D e te r m in a t io n  o f  t h e  d i s t r i b u t i o n  o f  f i v e -  and s i x -
membered r i n g  u n i t s  i n  c y c lo p o ly m e rs  from 1 , 6 - d i e n e s  h a s  b een  e f f e c t e d  by
s p e c t r o s c o p i c  and c h e m ic a l  m ethods . I n  such  c a s e s  thfc a n a l y s i s  i s  c a r r i e d
o u t  d i r e c t l y  oh t h e  c y c lo p o ly m e r .  O th e r  w o rk e rs  have  u s e d  th e  i n d i r e c t
method o f  r e l a t i n g  t h e  p r o d u c t s  o f  t e l o m e r i s a t i o n  r e a c t i o n s  o f  1 , 6 - d i e n e s
w i th  v a r i o u s  c h a i n - t r a n s f e r  a g e n t s  to  th e  c y c l o p o l y m e r i s a t i o n  r e a c t i o n .
These m ethods a r e  o u t l i n e d  i n  th e  INTRODUCTION s e c t i o n  o f  t h i s  t h e s i s .
However, a  s y s t e m a t i c  s tu d y  o f  t h e  e f f e c t  o f  t e m p e r a tu r e ,  s o l v e n t ,  i n i t i a t o r ,
m o le c u la r  w e ig h t  and s t r u c t u r e  o f  t h e  monomer on th e  r i n g  s i z e  d i s t r i b u t i o n
i n  c y c l o p o l y m e r i s a t i o n  r e a c t i o n s  o r  c y c l o t e l o m e r i s a t i o n  r e a c t i o n s  o f  1 , 6 -
d i e n e s  h a s  y e t  to  be  i n v e s t i g a t e d .  A lso ,  th e  r e l a t i o n s h i p ,  i f  any e x i s t s ,
be tw een  c y c l o t e l o m e r i s a t i o n  and c y c l o p o l y m e r i s a t i o n  r e a c t i o n s  n e e d s  to  be
s t u d i e d .  F o r  such  work to  be c a r r i e d  o u t ,  i t  i s  n e c e s s a r y  to  f i n d  a  method
which w i l l  e n a b le  th e  r i n g  s i z e  to  be d e te rm in e d  i n  b o th  c y c l o t e l o m e r s  and
31c y c lo p o ly m e rs  d i r e c t l y .  T h is  C h a p te r  d e s c r i b e s  t h e  u s e  o f  P n . m . r .  a s  a 
means o f  e s t i m a t i n g  th e  amount o f  f i v e -  a n d / o r  s ix -m em bered  r i n g s  i n  p o ly (  
d i v i n y l  p h o s p h o n a te s ) .  A lso  d e s c r i b e d  a r e  t h e  r e s u l t s  o f  s e v e r a l  t e lo m e r ­
i s a t i o n  r e a c t i o n s .
31 1P N .m .r .  s p e c t r a  a r e  s im p l e r  to  i n t e r p r e t  th a n  H n . m . r .  s p e c t r a .
F o r  t h e  m a j o r i t y  o f  p h o sp h o ru s  compounds c o n t a i n i n g  one  p h o s p h o ru s  atom
t h e  sp e c tru m  c o n s i s t s  o f  a  s i n g l e  p eak .  T h i s  peak  i s  u s u a l l y  r e l a t e d  to  a
s t a n d a r d  r e f e r e n c e  compound (85$  o r th o p h o s p h o r ic  a c i d ) .  P eak s  w hich o c c u r
a t  a lo w er  f i e l d  th a n  t h e  r e f e r e n c e  a r e  g iv e n  n e g a t i v e  p .p .m .  ( ? )  v a l u e s
and th o s e  o c c u r i n g  a t  a  h i g h e r  f i e l d  th a n  t h e  r e f e r e n c e  a r e  g iv e n  p o s i t i v e
p .p .m .  v a l u e s .  The p o s i t i o n  o f  t h e  peak  ( c h e m ic a l  s h i f t  w i th  r e s p e c t  to  t h e
r e f e r e n c e )  dep en d s  on t h e  en v iro n m en t o f  t h e  p h o sp h o ru s  a to m s .  Thus, f o r
d i f f e r e n t  c h e m ic a l  e n v iro n m e n ts  t h e  c h e m ic a l  s h i f t  a l t e r s  m a rk e d ly ,  even
f o r  compounds which would n o rm a l ly  be th o u g h t  o f  a s  s i m i l a r .  A d i f f e r e n c e
31m  r i n g  s i z e  m  v a r i o u s  c y c l i c  p h o sp h o ru s  compounds o f t e n  g i v e s  P n . m . r .
c h e m ic a l  s h i f t s  which a r e  q u i t e  d i f f e r e n t  to  each  o t h e r  and to  s i m i l a r
31a c y c l i c  p h o sp h o ru s  compounds. Many w o rk e rs  h a v e  i n v e s t i g a t e d  t h e  P n . m . r .
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spectra of f i v e -  and six-membered ring phosphorus compounds. Table 7.1
31shows some of the compounds studied and gives the P chemical shifts
o b t a i n e d .  The compounds l i s t e d  i n  T a b le  7.1 a r e  e x t r a c t e d  from  th e
references quoted, those and many more compounds are given in an extensive 
31compilation of P chemical shifts by Mark, Dungan, Crutchfield and Van 
1 35Wazer .
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Table 7.1
31P Chem ical s h i f t s  f o r  some c y c l i c  p h o sp h o ru s  compounds
Compound
51 p 
Chem ical
S h i f t  
S ( p . p . m . )
Compound
31 P
Chem ical
S h i f t
£ ( p . p . m . )
R e fe r e n c e
EtO
-1 3 4 0 .0 \  X*P/EtO
-1 32 1 31
\  / °  
EtO N0
- 1 7 .2
-1 7
0 0
P
EtO 0
+ 7 .7
+7
1 31 
1 32
(EtO
-1 39 -125 1 31
EtO 0
- 1 2 . 2
P  0
EtO 0
+ 8 .5 1 31
- 83 -
ii E \s s -61 .2
- 3 7 . 5 133
HO-^v + >OH
B u ^  ^ B u
Cl
/  \
V //s
-4 6
- 6 1 . 2
HO-L + ■OH
/ \Bu Bu
C l"
/
-20 134
- 3 7 . 2 134
A p h o sp h o ru s  compound ( o r  m ix tu r e  o f  compounds) c o n t a i n i n g  two o r
more p h o sp h o ru s  atom s i n  d i f f e r e n t  c h e m ic a l  e n v i ro n m e n ts  g i v e s  r i s e  to  two
51o r  more s i g n a l s  i n  th e  P n . m . r .  s p e c tru m .  A ls o ,  t h e  a r e a s  u n d e r  t h e  
p e a k s  o f  an  n . m . r .  s p e c tru m  a r e  p r o p o r t i o n a l  to  t h e  r e l a t i v e  number o f
i *7^P n u c l e i  p ro d u c in g  them. Van Wazer e t  a l .  s t a t e s  t h a t  t h e  r e l a t i v e  
31m o la r  r a t i o s  o f  P n u c l e i  i n  d i f f e r e n t  e n v i ro n m e n ts  can  be  c a l c u l a t e d
to  w i t h i n  i  1-2^6 f o r  r e a s o n a b l y  c o n c e n t r a t e d  s o l u t i o n s .  C o n s id e r a b l e  u s e  31o f  P n . m . r .  f o r  q u a n t i t a t i v e  p u rp o s e s  h a s  b een  made by Van Wazer e t  a l .
137- I 40 i n  m e a su r in g  e q u i l i b r i u m  c o n s t a n t s  f o r  s u b s t i t u e n t  ex ch an g e  i n
31p h o sp h o ru s  compounds. M easurem ents  o f  peak  a r e a s  f o r  P s p e c t r a  w i th  
p h o sp h o ru s  atom s i n  d i f f e r e n t  c h e m ic a l  e n v i ro n m e n ts  can  b e  done  g r a p h i c a l l y  
o r  by  th e  u s e  o f  e l e c t r o n i c  i n t e g r a t i o n .51 P N .m .r .  i s  t h e r e f o r e  d i r e c t l y  a p p l i c a b l e  to  r e c o g n i t i o n  o f  
p h o sp h o ru s  atom s i n  d i f f e r e n t  c h e m ic a l  e n v iro n m e n ts  ( r i n g  s i z e )  and  i s
a b l e  to  g iv e  a  q u a n t i t a t i v e  m easu re  o f  t h e  r e l a t i v e  am ounts  o f  n u c l e i  i n  
t h e s e  d i f f e r e n t  e n v i ro n m e n ts .  The c y c lo p o ly m e rs  o b t a i n e d  from  d i v i n y l  
p h o s p h o n a te s  w ere s t u d i e d  i n  t h i s  way w i th  a v iew  to  d e t e r m in i n g  th e  
r e l a t i v e  am ounts  o f  s i x -  a n d / o r  f iv e -m em b e re d  r i n g  c o n t e n t .
7 .2  S y n t h e s i s  o f  Model Compounds.
The s y n t h e s i s  and p o l y m e r i s a t i o n  o f  d i v i n y l  p h e n y lp h o s p h o n a te  and
d i v i n y l  m e th y lp h o s p h o n a te  a r e  d e s c r i b e d  i n  C h a p te r  6 . T h is  s e c t i o n
d e s c r i b e s  t h e  s y n t h e s i s  o f  some p h o s p h o n a te s  which w ere u s e d  a s  model
31compounds f o r  t h e  a s s ig n m e n t  o f  P c h e m ic a l  s h i f t s  i n  t h e  p o ly m e rs .
A number o f  c y c l i c  p h o s p h o ra te  e s t e r s  w ere s y n t h e s i s e d  by e i t h e r  ( a )
a d d i t i o n  o f  an  a c i d  c h l o r i d e  to  a  s o l u t i o n  o f  a  d i o l  i n  t h e  p r e s e n c e  o f
/ \ 141p y r i d i n e ,  o r  (b )  t h e  m ethod o f  Toy w hich c o n s i s t e d  o f  h e a t i n g  a  d i o l
w i th  an  a c i d  c h l o r i d e  u n d e r  vacuum. T a b le  7 .2  shows t h e  c o n d i t i o n s
employed and th e  p h y s i c a l  c o n s t a n t s  o f  th e  e s t e r s  o b t a i n e d .  The c y c l i c
1 42e s t e r s  a r e  named u s i n g  th e  n o m e n c la tu re  p ro p o s e d  by Mann •
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T a b le  7 .2
S y n t h e s i s  o f  some p h o s p h o n a te  e s t e r s
A cid
“nr
A lc o h o l  Method Chart; b . p . 0 /mm Eg P h o sp h o n a te l i t e r a t u r e
C h lo r id e  i
!ii
|
R e f . ;
ij
( m . p . ° )  | j
\
b .p .° /m m  Hg 
( m . p . ° )
IPhenylphosi 1 ,2 - e th a n e ! a ! HIV 169-71 /O .T  | 2- p h e n y l -1 , 3 , 2-  !2 1 0 - 1 5 /6 - 7 141
- p h o n ic - d i o l  I Ii
i
! d io x a p h o s p h o la n e  s <1 8 2 -8 5 /0 * 3143
d ic h lo r id e *i
! si \ - 2- o x i d e
n i 1 , 3-pnopanJ
ia HV 1 4 8 - 9 /0 .0 2 2- p h e n y l - 1 , 3 , 2- 212- 14 / 7 . 5 ' 41*!
|
- e d i o l ii Il (3 3 )
I1
d ioxapho  s p h o r i n - ( 
a n e - 2- o x i d e  j
1 7 0 - 7 4 / 0 . 1 145
M ! 2 , 3- b u ta n e a HVI ! 130- 1/ 0 .0 2 4 , 5 - d i m e t h y l - 1 ,3 210-1 5/1 51 41iI - d i o l i\ , 2 -d io x a p h o s p h o l |
i ' . - a n e - 2 - o x i d eiH f
jij
1 , 3 -b u ta n e  
- d i o l
a HVI I 1 5 8 - 6 0 /0 .3  
(6 4 )
4 -m e th y l-1  , 3 , 2 -  
d io x a p h o s p h o r I n ­
a n e -  2 - o x id e
I t
i
e th a n o l a H I I II1
126-8 /1  .0 d i e t h y l  p h e n y l ­
p h o s p h o n a te
267144
M ethy lphosj 1 , 2 - e th a n e b! EC I 1 3 0 - 2 /2 .0 2 -m e th y l-1  , 3> 2 - 1 0 9 -1 1 /5
-p h o n ic - d i o l i! d io x a p h o sp h o la n e j (4 0 -1  ) ^^5
d i c h l o r i d e i iI - 2 - o x i d e
n 1 , 3 -p ro p a n b I K i l l 1 2 2 - 4 /0 .4 2 - m e t h y l - 1 ,3? 2 - ( 98- 9 ) 146
I.
- e d i o l i
}
j
(9 8 -1 0 0 ) d io x a p h o s p h o r in  
| - a n e - 2 - o x i d e
n 2, 3-'b u ta n e I bj ! KIV 1 2 6 - 8 /4 .0 I 2 , 4 , 5 - t r i m e t h y l - 8 6 - 8 / 0 . 5  
( 4 2 - 4 )  146- d i o l
i
f
(4 2 - 4 ) ! 1 , 3» 2 - d io x a p h o s -ii ! p h o la n e - 2 - o x id e I
I! 1 , 3 -b u ta n e bI j KVi 7 0 - 1 /0 .2
i
|  2 , 4 -d im e th y 1-1 , 3 7 1 / 0 . 2 5- d i o l
I I
ji
j (4 0 —1) j|  , 2 -d io x a p h o s p h o r ( 4 0 ) 147II I j
! - i n a n e - 2 - o x i d e
4
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317 . 3  P N .m .r .  S p e c t r a  o f  P o I y ( d i v i n y l  p h o sp h o n a t e s )  and R e la t e d  Compounds
The P n.m.r. spectrum of certain samples of poly(divinyl phenyl-
phosphonate) showed two regions of absorption for 20% solutions of the
polymer in R,R-dimethylformamide. The chemical shifts of the regions of
absorption are shown in Table 7 .3  along with the conditions used in the
31p o l y m e r i s a t i o n s .  F ig u r e s  7 .1 ,  7 .2 ,  7 . 3  and 7 .4  show th e  P n . m . r .  s p e c t r a  
o b t a in e d  for t h e  sam p les  q u o te d  i n  T a b le  7 .3 .
Table 7 . 3
31 P C hem ical s h i f t s  o f  some sam p les  o f  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te ) .
P o ly m e r i s a t i o n  C o n d i t io n s C hem ical S h i f t  
S p .p .m .
F i g u r e
a b 40% s o l u t i o n  i n  DMF u s i n g  2 mol %• ABIR as
i n i t i a t o r  f o r  20h a t  70°C - 2 8 .0 7.1
5C>/o s o l u t i o n  i n  THFC u s i n g  2 .0  mol % ABIR° +
oh*) a s  i n i t i a t o r  f o r  1 5h a t  20 C - 2 8 . 2 ,  - 1 3 .0 7 .2
40% s o l u t i o n  i n  DMFa u s i n g  2 .0  mol % ABIN + 
h i )  a s  i n i t i a t o r  f o r  16h a t  20°C - 2 8 . 5 ,  - 1 3 . 8 7 . 3
20% s o l u t i o n  i n  DMFa u s i n g  2 mol % ABIR^
+hl> as i n i t i a t o r  f o r  20h a t  20 °C - 2 8 . 0 ,  - 1 2 . 8 7 .4
a R,R-dimethyIformamide
azobi si so but y r o n i  trilc 
tetrahydrofuran
If the two chemical shift values of the soluble polymer are due to
phosphorus atoms in different chemical environments, then compounds with
similar structural units (five- and six-membered rings) should show similar
chemical shifts. This assumes that cyclopolymerisation has occurred in the
soluble polymers obtained. Evidence which suggests that.this is the case
31i s  g iv e n  i n  C h a p te r  6 . T a b le  7 .4  shows t h e  s t r u c t u r e  and  P chemiic a l  
s h i f t s  o f  some c y c l i c  f i v e -  and s ix -m em bered  p h e n y lp h o s p h o n a te s  a l o n g  w i th  
c e r t a i n  a c y c l i c  p h o n y lp h o s p h o n a te s .
*ri­ ftIT
p .p .m . -3 0 •20 •10 0
F ig u r e  7*1
•^P  K»m.r. s p e c t ru m  o f  a sam ple o f  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a t e ) .
0-1 0p .p .m
F ig u r e  7*2
31 P K.imr, spectrum of  a sample o f  p o ly (d iv in y l  phenylphosphona to)«
31 P F .m . r ,  s p e c tru m  o f  a  sam ple o f  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te ) .
£  -5 0o  p.p .m* -2 0
F ig u r e  7 .4
31 p n .m . r .  spectrum o f  a sample o f phenylphosphonato) .
Table 7«4
31 P c h e m ic a l  s h i f t s  o f  some p h e n y lp h o s p h o n a te s
31Compound S t r u c t u r e  P C hem ical
S h i f  t  
d  p .p .m *
2-P h en y l-1  , 3 > 2 -d io x a p h o sp h o la n e  j ” j ^
- 2 - o x i d e  0 0
S '
0 C6H5
2-P h en y l-1  , 3 ? 2 -d io x a p h o s p h o r in a n e  
- 2 - o x i d e
V /°
0 C6H5
- 1 1 . 2
4 , 5 -D im e th y l -1 , 3 -2 -d io x a p h o s p h o -  
l a n e - 2 - o x i d e
CH CH.
0
N c6H5
-28. a
4 - M e th y l -1 , 3 » 2 -d io x a p h o s p h o r in a n e  
- 2 - o x i d e 0 0
^  N"C6Hr  5
-1 3 . 0
D iv in y l  p h e n y lp h o sp h o n a te  
D i e t h y l  p h e n y lp h o sp h o n a te  
B i s ( 2 - c h l o r o e t h y l )  p h e n y lp h o s ­
p h o n a te
c6h5po ( och=ch2 ) 2
c6h 5p o ( och2ch3 ) 2
c6h 5p o ( och2ch2c i ) 2
- 1 1 . 4
- 1 6 . 9
-17.2
7 '|A l l  t h e  P n . m . r .  s p e c t r a  o f  p o l y ( d i v i n y l  p h e n y lp h o sp h o n a te )  g iv e n  
i n  T ab le  7 . 3  showed p e a k s  w i th  c h e m ic a l  s h i f t s  n e a r* 2 8  p .p .m .  ( F i g u r e s
7.1 -  7 .4 )  which by co m p ar iso n  w i th  c h e m ic a l  s h i f t  v a l u e s  o f  f iv e -m em b e re d  
c y c l i c  p h o s p h o n a te s  g iv e n  i n  T ab le  7 .4  s u g g e s t s  t h a t  t h e  p o ly m e rs  c o n t a in e d  
p h o s p h o ru s  atom s i n  e n v i ro n m e n ts  v e ry  s i m i l a r  to  p h o sp h o ru s  a tom s i n  f i v e -  
membered r i n g s .  On t h i s  b a s i s  i t  i s  p ro p o s e d  t h a t  d i v i n y l  p h e n y lp h o sp h o n a te  
d o es  p o ly m e r i s e  to  g iv e  p r o d u c t s  w i th  f ive -m em bered  r i n g s  ( ? . l ) .  F ig u r e s
7 .2  -  7 .4  a l s o  show p e a k s  w i th  c h em ica l  s h i f t s  n e a r  -1 4  p .p .m .  t h i s  v a l u e  
i s  s i m i l a r  to  th e  s ix -m em bered  c y c l i c  p h o s p h o n a to s ,  e s p e c i a l l y  4 - m e th y l -  
2 - p h e n y l - 1 , 3 , 2 -d io x a p h o s p h o r in a n e - 2 - o n e  which i s  v e r y  s i m i l a r  s t r u c t u r a l l y  
to  t h e  s ix -m em bered  r i n g  r e p e a t i n g  u n i t  p ro p o se d  f o r  c y c l o p o l y m e r i s a t i o n  
o f  d i v i n y l  p h e n y lp h o s p h o n a te  ( ? . I l ) .
A p p a r e n t ly  t h e r e f o r e ,  d i v i n y l  p h e n y lp h o sp h o n a te  can  c y c lo p o ly m e r i s e  
to  g iv e  p r o d u c t s  c o n t a i n i n g  p r e d o m in a n t ly  f iv e -m em b e re d  r i n g s  o r  a  m ix tu r e  
o f  f i v e -  and s ix -m em bered  r i n g s  d e p e n d a n t  on th e  p o l y m e r i s a t i o n  c o n d i t i o n s .
( 7 . 1 ) ( 7 . I I )
•7AB e fo re  u s in g  t h e  P n . m . r .  s p e c t r a  o f  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te )  
i n  a q u a n t i t a t i v e  manner to  c a l c u l a t e  t h e  amount o f  f i v e -  and s ix -m em bered  
r i n g s  i n  t h e  po lym er,  th e  method was t r i e d  u s i n g  known m i x tu r e s  o f  c y c l i c  
p h o s p h o r a te s .  The r e s u l t s  (EXPERIMENTAL s e c t i o n )  show t h a t ,  i n  g e n e r a l ,  t h e  
p r e c i s i o n  l i m i t s  f o r  c a l c u l a t i n g  t h e  amount o f  f i v e -  and  s ix -m em bered  
r i n g s  a r e  -  2^o. I n  v iew  o f  t h e  d e g re e  o f  n o i s e  i n  some P n . m . r .  s p e c t r a  
t h i s  l i m i t  i s  r a i s e d  to  -  5ft. T ab le  7 .5  g iv e s  t h e  c a l c u l a t e d  amount o f  
f i v e -  and s ix -m em bered  r i n g s  i n  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a t e ) .
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T ab le  7 .5
Calculated amount of five- and six-membered. rings In various samples of 
poly(divinyl phenylphosphonate).
Figure Polymerisation conditions Five-membered rings Six-membered rings 
s o l v e n t  initiator $ %
7.1 DMFa ABIN° 100 ..
7 .2 m__bTHF ABINd 46 54
7 .5 DMFa dABIN 63 37
7 .4 Xif4Fb ABINd 32 68
c l N ,N -d im e thy lfo rm am ide
t e t r a h y d r o f u r a n
c oa z o b i s i s o b u t y r o n i t r i l e ,  t h e r m a l l y  a t  70 C
cL oa z o b i s i s o b u t y r o n i t r i l e ,  p h o to c h e m ic a l ly  a t  20 C
S i m i l a r l y  th e  P s p e c t r a  o f  sam p les  o f  p o l y ( d i v i n y l  m e th y lp h o s p h o n a te )  
w ere o b t a i n e d  ( F i g u r e s  7 .5  and 7 . 6 ) .  However, t h e s e  s p e c t r a  showed o n ly  
one r e g i o n  o f  a b s o r p t i o n  a t  a p p r o x im a te ly  -2 4  p .p .m .  ( T a b le  7 . 6 ) .  By 
com p ariso n  w i th  t h e  c h em ica l  s h i f t s  o f  some c y c l i c  and  a c y c l i c  m e th y l -  
p h o s p h o n a te s  (T a b le  7 .7 )  a  s ix -m em bered  r i n g  ( 7 . I l l )  i s  p ro p o s e d  a s  th e  
r e p e a t i n g  u n i t  i n  t h e  c y c lo p o ly m e rs  from d i v i n y l  m e th y lp h o s p h o n a te .
T a b le  7 .6
74 P Chemical shifts for some samples of poly(divinyl methylphosphonate).
Polymerisation conditions Chemical
shift
$  p.p.ni.
Figure
a - b20$ s o l u t i o n  i n  DMF u s i n g  2 mol $  ABIN as. - 2 4 . 2  7 .5
i n i t i a t o r  f o r  16h a t  70°C
20$ s o l u t i o n  i n  DMF u s i n g  2 mol $  ABIN + h>> -2 5 ^ 0 ! 7 .6
as  i n i t i a t o r  f o r  20h a t  20°C
----------§------------- 1------------- J------------ 1------------- 1------------- j------------- 1------------- (■
-30 -20  -10  0
p .p .m .
Fifrure 7 .5
F»mepc s p e c t r um of  a sample o f  p o ly (d iv in y l  methylphosphonate) .
H ,P0
T.
-2 0
p .p .m .
Figure 7 .6
31P K.m.r. spectrum of a .sample of poly(divinyl methylphosphonate).
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a N ,N -d im e thy lfo rm am ide  
^ a z o b i s i s o b u t y r o n i t r i l e
T ab le  7 .7
31 P c h e m ic a l  s h i f t s  o f  some m e th y lp h o s p h o n a te s .
3Compound S t r u c t u r e
2-M ethy l-1  , 3» 2 -d io x a p h o s p h o la n e -  
2 -0  x id e
2 -M e th y l -1 , 3> 2 -d io x a p h o s p h o r in a n e  
- 2- o x i d e
° \ / °P
#  \0 CH3
2 , 4 , 5 , T r im e th y l -1 , 2-d io x a p h o sp h o  
- l a n e - 2- o x i d e
2 , 4 -D im ethy1 - 1 , 3 , 2 -d io x a p h o s p h o r  
- i n a n e - 2- o x i d e
D iv in y l  m e th y lp h o s p h o n a te  CH^^COCH^CI^)
D i e t h y l  m e th y lp h o s p h o n a te  CH^POCOCH^CH^)
P C hem ical 
s h i f t
§  p .p .m .
- 4 2 .6
- 23.2
- 5 9 . 2
- 2 6 . 4
- 22.8
- 2 6 . 0
( 7 . I l l )
This work has shown that ohe ring size in cyclopolymers of divinyl 
phosphonates is dependant on the solvent, method of initiation and the 
structure of the monomer. In the case of divinyl phenylphosphonate the 
five- and six-membered ring content in the polymer is markedly altered 
when the solvent or initiation technique is changed. Divinyi methylphos­
phonate does not give variations in ring size content .when conditions are 
altered. However, this work has indicated that these factors are important
and should enable a more systematic study to be completed in view of the
31ease of assignment of P chemical shifts to five- and/or six-membered 
rings.
7*4 Telomerisation of Divinyl phosphonates
C h a p te r s  6 and 7 h av e  shown t h a t  d i v i n y i  p h o s p h o n a te s  can y i e l d
cyclopolymers containing both five- and six-membered rings. This section
of the Chapter reports attempts to cyclotelomerise these monomers in
order to compare the results with the cyclopolymerisation reaction.
Many attempts to react divinyi phenylphosphonate with perfluoroalkyl
iodides were made without success, using identical techniques to those 
41 -4 5of Brace . Similarly, thioacetic acid failed tc react with divinyi
phenylphosphonate under a variety of initiation techniques. These
reactions gave an almost quantitative recovery of monomer and perfluoroalkyl
iodide-or•thioacetic acid. When divinyi phenylphosphonate was heated
with bromotrichloromethane and 2 mol % azobisisobutyronitrile a vigorous
exothermic reaction occurred resulting in a charred, black product.
However, bromotrichloromethane is known to add to double bonds in the
1 48 ,149presence of ultraviolet light, the energy of the quanta being
sufficient to cleave the C-Br bond giving a trichloromethyl radical and 
a bromine radical. Using this technique, addition of bromotrichloromethane
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to  d i v i n y i  p h o s p h o n a te s  was p o s s i b l e  and th e  r e a c t i o n  p ro c e e d e d  w i th o u t  
any e x p e r i m e n t a l  p ro b le m s .
I r r a d i a t i o n  o f  a  m ix tu r e  o f  b ro m o t r ic h lo ro m e th a n e  and d i v i n y i  
p h e n y lp h o s p h o n a te  (m ole  r a t i o  3*O  u s in g  a medium p r e s s u r e  m ercury  
d i s c h a r g e  lamp gave  a  p a l e  y e l lo w  v i s c o u s  p r o d u c t .  The p r o d u c t  would n o t  
d i s t i l l  w i th o u t  e x t e n s i v e  d e c o m p o s i t io n ,  n e i t h e r  would i t  c r y s t a l l i s e  
from  a  v a r i e t y  o f  s o l v e n t s .  T h in  l a y e r  ch ro m a to g rap h y  i n d i c a t e d  t h a t  t h e  
p r o d u c t ,  a f t e r  rem ova l o f  e x c e s s  b ro m o t r ic h lo ro m e th a n e ,  was e s s e n t i a l l y  
a  s i n g l e  compound. C o n s e q u e n t ly ,  i n  v iew  o f  th e  d i f f i c u l t y  e x p e r i e n c e d  in- 
a t t e m p t i n g  to  f u r t h e r  p u r i f y  t h e  p r o d u c t ,  e v id e n c e  f o r  t h e  s t r u c t u r e  o f  
t h e  compound was o b t a i n e d  from  sam ples  o f  t h e  r e a c t i o n  m i x tu r e  a f t e r  
rem o v a l o f  e x c e s s  b ro m o t r ic h lo ro m e th a n e .
I n f r a r e d  and n . m . r .  s p e c t r a  showed no r e s i d u a l  u n s a t u r a t i o n  t h u s  t h r e e  
$ b s s i b i l i t i G S  e x i s t  f o r  th e  s t r u c t u r e ;  a  f iv e -m em b ered  r i n g  m ono-adduc t 
( 7 . IV ); a  s ix -m em bered  r i n g  m ono-adduc t ( 7 .V ) ;  o r  a  d i - a d d u c t  ( 7 . V l ) .
CHy CE Br
C1,C CH3 1 i
I I
0/ /  \
0 C6H5
( 7 . V )( 7 . IV)
CC1„ CC1 » 3 I 3
Br-CH CH-Br
0 0
0
( 7 . VI)
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The c y c l i c  compounds ( 7 . I V )  and  (7 .V )  would be  e x p e c te d  to  h av e  m o le c u la r  
w e ig h t s  o f  4 0 8 ,4  w h ereas  t h e  d i - a d d u c t  ( 7 .V l )  would h av e  a  m o l e c u la r  
w e ig h t  o f  6 0 8 .6 .  The p r o d u c t  from  th e  r e a c t i o n  o f  b ro m o t r ic h lo ro m e th a n e  
and d i v i n y i  p h e n y lp h o sp h o n a te  had  many p e a k s  a ro u n d  m/e 600 i n  i t s  mass 
s p e c tru m ,  T h is  s u g g e s t s  t h e  f o r m a t io n  o f  a  d i - a d d u c t  o f  m o le c u la r  fo rm u la  
 ^PO^Br^Cl^. S in c e  t h e  fo rm u la  p ro p o se d  h a s  e i g h t  h a lo g e n  a tom s th e n
t h e s e  w i l l  p ro d u c e  c h a r a c t e r i s t i c  i o n s  a t  two mass u n i t  i n t e r v a l s  ( C l  h a s
i s o t o p e  m a sse s  o f  55 and 57, Br h a s  i s o t o p e  m a sses  o f  79 and 81 ) .
I f  t h e  a to m ic  w e ig h t  o f  C l i s  55 and Br i s  79, t h e  m o le c u la r  i o n  w i l l
be a t  m/e 602 and a  s e r i e s  o f  p eak s  a t  602, +2, +4, +6, +8, e t c .  w i l l  be
e x p e c te d  and t h e i r  r e l a t i v e  p r o p o r t i o n s  can  be c a l c u l a t e d  from  a  know ledge
o f  i s o t o p e  ab u n d a n c e s .  T h is  n e g l e c t s  th e  e f f e c t  o f  i s o t o p e s  o f  c a rb o n ,
1 50hy d ro g en  p h o sp h o ru s  and oxygen • T a b le  7 .8  shows th e  t h e o r e t i c a l  f r a c t i o n  
o f  each  m o le c u la r  io n  a lo n g  w ith  t h e  f r a c t i o n  found ,  t o g e t h e r  w i th  t h e  same 
d e t a i l s  f o r  t h e  m a jo r  f r a g m e n ta t io n  ( l o s s  o f  HBr) from  t h e  m o le c u la r  i o n .
T here  i s  q u i t e  c l o s e  a g ree m en t  be tw een  th e  two v a l u e s ,  e s p e c i a l l y  f o r  t h e  
m o le c u la r  i o n .  T hese  r e s u l t s  s u p p o r t  t h e  s u g g e s t i o n  t h a t  a  d i - a d d u c t  i s  
fo rm ed  i n  t h e  r e a c t i o n  o f  d i v i n y i  p h e n y lp h o s p h o n a te  and b r o m o t r i c h lo r o m e th a n e .
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T ab le  7 . 8
T h e o r e t i c a l  p r o b a b i l i t i e s  and r e l a t i v e  p r o p o r t i o n s  found  f o r  p eak s  a t
m asses  M. M+2, M+4, M+6 e t c .  f o r  m o le c u le s c o n t a i n i n g  b rom ine  and c h l o r i n e
a tom s.
m / T h e o r e t i c a l Pound
( f r a c t i o n  o f  t o t a l )  ( f r a c t i o n  o f  t o t a l )
C12H11P03B r2C l6 M .¥ . ( B r ,7 9 ; C l ,3 5 )  = 602
M 602 0 .0 4 7 0 0.0481
M+2 604 0 .1839 0 .1 9 2 5
M+4 606 0 .2 9 9 8 0 .2 8 8 5
M+6 608 0 .2 6 7 2 0 .2 5 9 5
M+8 610 0 .1 4 3 5 0.1441
M+10 612 0 .0 4 7 8 0.0481
M+1 2 614 0 .0 0 9 7 0 .0 1 0 2
C12H1OP03B rC l6 ^l o s s  o f  K” B r»- 8° )  M*w' = 522
P 522 0 .0929 0 .0 8 0
P+2 524 0 .2 7 2 0 .2 6 5
P+4 526 0 .3 2 6 0 .3 0 8
P+6 528 0 .2 0 9 0 .1 9 8
P+8 530 0 .0 7 8 0 .0 7 0
P+10 532 0 .017 0.01 5
C o n c lu s iv e  p r o o f  o f  t h e  f o r m a t io n  o f  a  d i - a d d u c t  was o b t a i n e d  from  
t h e  m i c r o a n a l y s i s  o f  t h e  p r o d u c t  w hich was d e te rm in e d  d i r e c t l y  on t h e  r e a c t i o  
m ix tu re ,  a f t e r  rem ova l o f  e x c e ss  b ro m o t r ic h lo ro m e th a n e .  The a n a l y s i s  g ave  
t h e  v a l u e s :  Br,26.04/&s C l , 33*72%; w hich a g r e e  c l o s e l y  w i th  t h e  c a l c u l a t e d  
v a l u e s  f o r  c <j 1 p° 3 Br2C16 : B r»26 *34$; C l,  35.06%. The c y c l i c  p r o d u c t s
would b o th  h av e  a m o le c u la r  fo rm u la  o f  C ^ ^ P O ^ B r C l ^  f o r  w hich  t h e
31c a l c u l a t e d  v a l u e s  a r e  Br,19*75$? 01 ,26 .04% . The P n . m . r .  s p e c t r a  o f  t h e  
d i - a d d u c t  showed o n ly  one peak  w i th  a  c h e m ic a l  s h i f t  o f  -  1 6 . O p .p .m . w hich  
i s  s i m i l a r  to  t h e  a c y c l i c  s a t u r a t e d  p h o s p h o n a te s ,  d i e t h y l  p h e n y lp h o s p h o n a te  
( -  1 6 .9  p . p . m . )  and b i s ( 2 - c h l o r o e t h y l )  p h e n y lp h o s p h o n a te  ( -  1 7 .2  p . p . m . ) .
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Thus, a l l  t h e  c h e m ic a l  and s p e c t r o s c o p i c  m ethods o f  a n a l y s i s  and s t r u c t u r e  
d e t e r m i n a t i o n  i n d i c a t e  t h a t  t h e  p r o d u c t  from  t h e  p h o to c h e m ic a l  a d d i t i o n  
o f  b ro m o t r ic h lo ro m e th a n e  and d i v i n y i  p h e n y lp h o sp h o n a te  i s  b i s ( 1 —bromo-3*3>
3 - t r i c h l o r o p r o p y l ) p h en y lp h o sp h o n a te*
Under i d e n t i c a l  c o n d i t i o n s ,  a m ix tu r e  o f  d i v i n y i  m e th y lp h o s p h o n a te  
and b ro m o t r ic h lo ro m e th a n e  was i r r a d i a t e d  w i th  u l t r a v i o l e t  l i g h t  from  a 
medium p r e s s u r e  m ercury  d i s c h a r g e  lam p. The p r o d u c t  was a p a l e  y e l lo w  
v i s c o u s  l i q u i d  b u t  u n l i k e  th e  d i - a d d u c t  from  d i v i n y i  p h e n y lp h o s p h o n a te ,  
t h i s  p r o d u c t  was l e s s  s t a b l e  and d a rk e n e d  on s t o r a g e .  A gain ,  t h r e e  
p o s s i b i l i t i e s  f o r  t h e  s t r u c t u r e  o f  t h e  p r o d u c t  a r e  p ro p o s e d ;  a  f i v e -  
membered r i n g  m ono-adduc t (7 .V X I) ;  a  s ix -m em bered  r i n g  mono—a d d u c t  ( 7 .1 1 1 1 )  
o r  a d i - a d d u c t  ( 7 . I X ) .
C1,C' C H ~ ■CB CH a
I I0 0
\ /
/  N h ,
( 7 . V II)
’  1Ch. ^ 0
0 CH.
( 7 . V I I I )
CC1, CC1,
I 3 I 3
CH„ CH„| 2 j 2
Br-CH CH-Br
( 7 . IX)
31The p r o d u c t  had  a  s i n g l e  peak  i n  a P n . m . r .  s p e c tru m  s u g g e s t i n g  t h a t  
o n ly  one ty p e  o f  p h o sp h o ru s  s p e c i e s  was p r e s e n t  w i th  a c h e m ic a l  s h i f t  
v a l u e  o f  - 2 7 . 4  p .p .m .  T h is  v a l u e  s u g g e s t s  t h a t  t h e  p r o d u c t  i s  e i t h e r  a 
s ix -m em bered  r i n g . ( t w o  model c y c l i c  s ix -m em bered  r i n g  m e th y lp h o s p h o n a te s
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h a v e  c h em ica l  s h i f t  v a l u e s  o f  - 2 3 .2  and 2 6 .4  p.p*m. T a b le  7 . 7 )  o r  a  d i -  
a d d u c t  ( 7 . I X )  ( d i e t h y l  m e th y lp h o sp h o n a te  h a s  a c h e m ic a l  s h i f t  o f  - 2 6 . 0  
p . p . m . ) ,  A s ix -m em bered  r i n g  p ro d u c t  ( 7 . V I I I )  would a g ro e  w i th  t h e  r e s u l t s  
o f  c y c l o p o l y m e r i s a t i o n  o f  t h e  monomer. No c o n c l u s i v e  e v id e n c e  c o u ld  be 
o b t a i n e d  from  m i c r o a n a l y s i s  o f  t h e  a d d u c t  s i n c e  u n l i k e  t h e  p r o d u c t  o b t a i n e d
from  d i v i n y i  p h e n y lp h o sp h o n a te  t h i s  a d d u c t  decomposed on s t a n d i n g .
1The H n . m . r .  s p e c t ru m  o f  a sam ple  o f  t h e  a d d u c t  had  t h r e e  a r e a s  o f
a b s o r p t i o n  a t  2 .9  -  3*4 X  ( m u l t i p l e t ) ,  6 .3  -  6 .5  "C ( d o u b l e t )  and 8 .2  and
8 . 5  ' ^ ( d o u b l e t ) .  The r e l a t i v e  i n t e n s i t i e s  o f  t h e s e  p e a k s  w ere  i n  t h e  r a t i o
2 :4 :3 *  The s i g n a l  a t  8 . 3  and 8 . 5  'T  i s  c a u s e d  bjr th e  m e th y l  p r o to n s  b e in g
s p l i t  i n t o  a d o u b le t  by t h e  p h o sp h o ru s  atom . Such a s i g n a l  would be e x p e c te d
w h e th e r  t h e  a d d u c t  was a  s ix -m em bered  r i n g  o r  an a c y c l i c  p r o d u c t .  The s i x -
memBered r i n g  a d d u c t  ( 7 . V I I I ) would be e x p e c te d  to  h a v e  f o u r  f u r t h e r  s e t s
o f  s i g n a l s :  -CE0-  r i n g  p r o to n s ;  -C H -C C 1„  p r o to n s ;  C E -C H  CC1„ p r o t o n s ;  and d “ 2 3 ““ 2 3
Br-CH- p r o t o n .  However, t h e  d i - a d d u c t  ( 7 . I X )  would g iv e  r i s e  to  o n ly  two 
f u r t h e r  s i g n a l s  (-CH ^-CCl^and CH-Br) i n  a d d i t i o n  to  t h e  m e th y l  s i g n a l .  The
c h e m ic a l  s h i f t s  o f  t h e  two p e a k s  found  i n  t h e  sam ple  a r e  v e r y  s i m i l a r  to  
t h o s e  o b t a i n e d  from th e  n . m . r .  sp e c tru m  o f  t h e  d i - a d d u c t  o f  d i v i n y i  p h e n y l ­
p h o s p h o n a te ,  which gave  p e a k s  a t  2 . 8  -  3*3 X (CH-Br) and  6 .2  -  6 .4  X 
(CH ^-CCl^). These r e s u l t s  s u g g e s t  t h a t  t h e  p r o d u c t  from  th e  p h o to c h e m ic a l  
a d d i t i o n  o f  b ro m o t r ic h lo ro m e th a n e  and d i v i n y i  m e th y lp h o s p h o n a te  i s  b i s ( l -  
bromo-3» 3> 3 - t r i c h l o r o p r o p y l )  m e th y lp h o s p h o n a te .
No c o n c l u s i v e  e v id e n c e  c o u ld  be  o b ta in e d  from t h e  mass s p e c tru m  o f  a 
sam ple  o f  th e  p r o d u c t .  However, t h e  m o le c u la r  io n  w hich  was fo u n d  a t  m/ e  
355, c o u ld  h ave  o c c u r r e d  by f r a g m e n ta t i o n  o f  t h e  d i - a d d u c t  ( m o l e c u la r  
w e ig h t  528) b u t  n o t  from  th e  s ix -m em bered  c y c l i c  a d d u c t  ( m o l e c u la r  w e ig h t  
3 4 4 ) .  A p p a re n t ly ,  t h e r e f o r e ,  t h e  r a d i c a l s  form ed from  th e  f i s s i o n  o f  
b r o m o t r ic h lo ro m e th a n e  g iv e  o n ly  d i - a d d u c t s  w i th  d i v i n y i  p h o s p h o n a te s .  T h is  
o b s e r v a t i o n  c o n t r a d i c t s  t h e  r e s u l t s  which m ig h t be e x p e c te d  i n  v ie w  o f  t h e  
a b i l i t y  o f  t h e s e  monomers to  undergo  c y c l o p o l y m e r i s a t i o n .
The r e a c t i o n  d i v i n y i  p h o s p h o n a te s  w i th  b r o m o t r ic h lo r o m e th a n e  u n d e r  
t h e  i n f l u e n c e  o f  u l t r a v i o l e t  l i g h t  i s  a  c h a in  r e a c t i o n .  The f i r s t  s t e p  b e i n g  
u n d o u b te d ly  t h e  f o r m a t io n  o f  t r i c h i o r o m e t h y l  and b rom ine  r a d i c a l s  (7.x)
BrCCl_ hV _ CC1_ + Br3 3
(7 .X )
A d d i t i o n  o f  * CC1_, to  a d i v i n y i  p h o sp h o n a te  m o le c u le  ( 7 .X l )  would fo rm  t h e  3
r a d i c a l  ( 7 .X I I )
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C1„C'
CC1+
( 7 . X I) ( 7 . X I I )
The r a d i c a l  ( 7 .X I I )  can r e a c t  by e i t h e r  ( a )  p r o p a g a t io n  w i th  b r o m o t r i c h i c r o -  
m ethane to  form  (7 .X X II )  o r  ( b )  i n t r a m o l e c u l a r  p r o p a g a t io n  to  g iv e  a f i v e -  
o r  s ix -m em bered  r i n g  r a d i c a l  (7 .X IV ) a (7 .X V ). F u r t h e r  a d d i t i o n  o f  b r o m o t r i ­
ch lo ro m e th a n e  a c r o s s  t h e  r e m a in in g  d o u b le  bond i n  ( 7 . X I I I ) g i v e s  t h e  
e x p e r i m e n t a l l y  o b t a in e d  d i - a d d u c t s .  P r o p a g a t i o n  o f  (? .X IV )  o r  (7.XV) w i th  
b r o m o t r ic h lo ro m e th a n e  would y i e l d  f i v e -  o r  s ix -m em bered  r ing -  m o n o -a d d u c ts .
E x ce ss  addendum h a s  b een  u s e d  i n  o r d e r  to  a v o id  t h e  p o l y m e r i s a t i o n  
r e a c t i o n s .  C l e a r l y ,  c y c l i s a t i o n  would be  f a v o u re d  by a  lo w e r  m o la r  r a t i o  o f  
b ro m o t r ic h lo ro m e th a n e  to  d i v i n y i  p h o s p h o r a te  and by d i l u t i o n  o f  t h e  r e a c t a n t  
i n  a  r e l a t i v e l y  i n e r t  s o l v e n t  such  a s  c y c lo h e x a n e .
Cl,O'D B r % .
0
R
.0
0
01, c*J 1
R
( 7 . X I I I ) ( 7 .  XI v) ( 7 . XV)
A n o th e r  r e a s o n  why t e l o m e r i s a t l o n  o f  d i v i n y i  p h o s p h o n a te s  p r o d u c e s  d i -  
a d d u c t s  i s ,  a lm o s t  c e r t a i n l y ,  t h a t  b r o m o t r ic h lo ro m e th a n e  i s  a  v e r y  e f f e c t i v e  
c h a in  t r a n s f e r  a g e n t  which t e r m i n a t e s  an i n i t i a t e d  m o le c u le  ( 7 . X I I )  b e f o r e  
t h e  i n t r a m o le c u la r  p r o p a g a t io n  can  o c c u r .  The c h a in  t r a n s f e r  c o n s t a n t s  o f  
b ro m o t r ic h lo ro m e th a n e  to  v a r i o u s  o t h e r  monomers a r e  v e r y  h ig h  ( T a b l e  7 . 9 )
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and s i n c e  d i v i n y i  p h o s p h o n a te s  do n o t  r e a d i l y  p r o p a g a t e  ( C h a p te r  6 ) t h e  
r a t e  o f  t e r m i n a t i o n  o f  i n i t i a t e d  d i v i n y i  p h o s p h o n a te  m o le c u le s  w i l l  be 
h ig h .
T a b le  7 .9
T r a n s f e r  c o n s t a n t s  f o r  b ro m o t r ic h lo ro m e th a n e  w i th  v a r i o u s  monomers.
Monomer T e m p era tu re
°c
AC x1 0 s Remarks R e fe r e n c e
M ethyl m e th a c r y l a t e 30 830 a ,  b (C 3 ) 151
- - 45000 C4 ) -
S ty r e n e 30 76000 a ,  b(C2 ) 152
77000 a ,  b (C 2 ) 153
- - 2400000 a ,  b( C j) 152
- - 2780000 a ,  b (C 3 ) 153
V in y l  a c e t a t e 25 > > 1 0 0 0 0 a 148
a  p h o t o i n i t i a t i o n
^ t e l o m e r i s a t i o n  ( c ^ ;  i  = number o f  monomer u n i t s  i n  t r a n s f e r r i n g  c h a i n )
Thus, i t  w i l l  be  n e c e s s a r y  to  u s e  a  l e s s  e f f e c t i v e  c h a i n  t r a n s f e r  a g e n t  
i f  t h e  mode o f  t h e  c y c l o t e l o m e r i s a t i o n  r e a c t i o n  i s  to  be  s t u d i e d .  However, 
a s u i t a b l e  a g e n t  would a p p a r e n t l y  h av e  to  be  more r e a c t i v e  t h a n  e i t h e r  
p e r f l u o r o a l k y l  i o d i d e s  o r  t h i o a c e t i c  a c i d .  The c h a in  t r a n s f e r  c o n s t a n t s  
o f  io d o b u ta n e  and t h i o a c e t i c  a c i d  w i th  s t y r e n e  and v i n y l  a c e t a t e  a r e  
g iv e n  i n  T a b le  7 .1 0 .  (A lth o u g h  io d o b u ta n e  was n o t  one  o f  t h e  r a d i c a l  
addenda  c o n s id e r e d  f o r  d i v i n y i  p h o s p h o n a te s ,  r e a c t i o n  w i th  t h e  f l u o r i n a t e d  
d e r i v a t i v e  i o d o n o n a f lu o r o b u ta n e  was a t t e m p t e d ) .
T r a n s f e r  c o n s t a n t s  f o r  io d o b u ta n e  and t h i o a c e t i c  a c i d  w i th  v a r i o u s
monomers.
A d d i t i v e Monomer T em p era tu re  
°C
C x104 s Remarks R e fe r e n c e
Io d o b u ta n e s t y r e n e 60 1 .85 a 154
t! v i n y l  a c e t a t e 60 500 b 155
T h i o a c e t i c  a c i d s t y r e n e 99 > 1 4 . 7 156
a th e rm a l  i n i t i a t i o n
p e r o x id e  i n i t i a t i o n
O b v io u s ly ,  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  r e a c t i o n  o f  d i v i n y i  phosphon­
a t e s  w i th  b ro m o t r ic h lo ro m e th a n e  and o t h e r  c h a in  t r a n s f e r  a g e n t s  i s
n e c e s s a r y  i n  o r d e r  to  p ro d u c e  c y c l o t e l o m e r s  u n d e r  a  v a r i e t y  o f  c o n d i t i o n s .
31I f  t h i s  can  be a c h ie v e d ,  t h i s  work h a s  shown t h a t  P n . m . r .  would  be a 
v e r y  u s e f u l  t e c h n iq u e  f o r  th e  d e t e r m i n a t i o n  o f  r i n g  s i z e  i n  su ch  p r o d u c t s .  
T h is  a p p ro a c h  w i l l  f a c i l i t a t e  a comparibVe. s tu d y  o f  t h e  p r o d u c t s  o f  t h e  
c y c l o t o l o m e r i s a t i o n  and c y c l o p o ly m e r i s a t i o n  r e a c t i o n s  w hich  s h o u ld  p r o v id e  
v a l u a b l e  i n f o r m a t i o n  on th e  mechanism o f  c y c l o p o l y m e r i s a t i o n .
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CONCLUSIONS -  PART 2
D iv in y i  p h e n y lp h o sp h o n a te  and d i v i n y i  m e th y lp h o sp h o n a te  h a v e  been
1 21s y n t h e s i s e d  u s i n g  m o d i f i c a t i o n s  o f  t h e  method o f  G e f t e r  and K abachn ik  .
I n  c o n t r a s t  to  t h e  r e s u l t s  r e p o r t e d  by t h e s e  a u t h o r s ,  i t  h a s  been
p o s s i b l e  to  o b t a i n  s o l u b l e ,  f u s i b l e ,  l i n e a r  po ly m ers  ( e y e lo p o ly m e rs )  from
b o th  monomers by p o l y m e r i s a t i o n  i n  d i l u t e  s o l u t i o n .
31By P n u c l e a r  m a g n e t ic  r e s o n a n c e  s p e c t r o s c o p y  i t  i s  p o s s i b l e  to
d i s t i n g u i s h  and q u a n t i t a t i v e l y  d e te rm in e  p h o sp h o ru s  a tom s i n  f i v e -  and
s ix -m em bered  r i n g  e n v i ro n m e n ts .  U s in g  a  s e r i e s  o f  p h o s p h o n a te s  a s  model
compounds, t h i s  t e c h n iq u e  h a s  shown t h a t  p o l y ( d i v i n y i  p h e n y lp h o sp h o n a te )
c o n t a i n s  b o th  f i v e -  and s ix -m em bered  r i n g  r e p e a t i n g  u n i t s ,  i n  am ounts
w hich  depend  upon t h e  m ethod o f  p o l y m e r i s a t i o n ,  w hereas  p o l y ( d i v i n y i
m e th y lp h o s p h o n a te )  p ro d u c e d  u n d e r  a v a r i e t y  o f  c o n d i t i o n s  c o n t a i n s  o n ly
31six -m em bered  r i n g s .  T h is  work h a s  e s t a b l i s h e d  t h a t  P n . m . r .  can  be  u s e d  
to  d e te rm in e  th e  r i n g  s i z e  i n  c y c lo p o ly m e rs  from  d i v i n y i  p h o s p h o n a te s  
by d i r e c t  a n a l y s i s  o f  t h e  p o ly m ers .
T e l o m e r i s a t i o n  o f  d i v i n y i  p h o s p h o n a te s  w i th  b ro m o t r ic h lo ro m e th a n e  
gave  p r o d u c t s ,  which from  t h e  e v id e n c e  a r e  d i - a d d u c t s .  C y c l i c  m o n o -ad d u c ts  
w ere n o t  fo rm ed  p re su m ab ly  due to  t h e  c o n c e n t r a t i o n  o f  addendum u s e d  and 
i t s  e f f e c t i v e n e s s  a s  a  c h a in  t r a n s f e r  a g e n t .
A more d e t a i l e d  i n v e s t i g a t i o n  and c o r r e l a t i o n  o f  t h e  two m ethods o f  
d e t e r m in i n g  r i n g  s i z e  i n  c y c lo p o ly m e rs j  ( i )  d i r e c t  a n a l y s i s ,  and ( i i )  
c y c l o t e l o m e r i s a t i o n ,  c o u ld  be d e v e lo p e d  from  an e x t e n s i o n  o f  t h i s  w ork .
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EXPERIMENTAL
M e l t in g  p o i n t s  w ere  d e te rm in e d  on a  G allenkam p m e lt in g '  p o i n t  a p p a r a t u s  
( d e s i g n  n o .  8 8 9 ,3 5 9 )  u s i n g  a 35nnn iram ers i?n  th e rm o m ete r  ( 0 - 3 6 0 ° )  
g r a d u a t e d  i n  d e g r e e s ,  and a r e  u n c o r r e c t e d .
I n f r a r e d  s p e c t r a  w ere r e c o r d e d  a s  l i q u i d  f i l m s  o r  a s  p o ta s s iu m  brom ide  
d i s c s  u s i n g  Pye-Unicam SP 200, SP 1000 o r  SP 1200 i n s t r u m e n t s .  P eak  
p o s i t i o n s  a r e  r e c o r d e d  i n  f r e q u e n c y  u n i t s  (cm~^ ) u s i n g  a p o l y s t y r e n e  f i l m  
a b s o r p t i o n  p eak  1603 cm*" a s  a c a l i b r a t i o n .
U l t r a v i o l e t  s p e c t r a  w ere r e c o r d e d  a s  s o l u t i o n s  i n  m e th a n o l  ( u n l e s s
o t h e r w i s e  s t a t e d )  u s i n g  Pye-Unicam SP 500 o r  SP 800 i n s t r u m e n t s .1H U n c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  w ere  d e te rm in e d  a t  n o rm al
t e m p e r a t u r e s  f o r  d e u t ro c h lo r o f o r m  o r  c a rb o n  t e t r a c h l o r i d e  s o l u t i o n s
( u n l e s s  o t h e r w i s e  s t a t e d )  c o n t a i n i n g  t e t r a m e t h y l s i l a n e  ( X. *= 1 0 .0 )  a s  an
i n t e r n a l  s t a n d a r d  u s i n g  a JEOL C-60 HL h ig h  r e s o l u t i o n  60 MHz i n s t r u m e n t .  
31 P N u c le a r  m a g n e t ic  r e s o n a n c e  s p e c t r a  w ere  d e te rm in e d  a t  n o rm al 
t e m p e r a t u r e s  f o r  c h lo ro fo rm  o r  N ,N -d im e th y lfo rm am id e  s o l u t i o n s  ( u n l e s s  
o th e r w i s e  s t a t e d )  c o n t a i n i n g  85$ p h o s p h o r ic  a c i d  ( $  = 0 . 0  p . p . m . )  i n  a 
s e a l e d  c a p i l l a r y  a s  an i n t e r n a l  s t a n d a r d ,  u s i n g  a JEOL C-60 HL h ig h  
r e s o l u t i o n  24 MHz in s t r u m e n t .
Mass s p e c t r a  w ere  d e te rm in e d  on an  AEI MS-30 i n s t r u m e n t .
R e f r a c t i v e  i n d i c e s  w ere d e te rm in e d  u s i n g  a  B e l l in g h a m  and S t a n l e y  L td .  
Abbe"60 r e f r a c t o m e t e r .
Vapour p h a s e  chrom atogram s w ere  r e c o r d e d  on a  Pye 104 c h ro m a to g ra p h  
u s i n g  A p iezon  L, 30 /80  mesh C e l i t e  column 2 m e tre s  lo n g ,  u n l e s s  o t h e r w i s e  
s t a t e d .
M ic r o a n a ly s e s w ere  c a r r i e d  o u t  by D r. F . B . S t r a u s s ,  M i c r o a n a l y t i c a l  
L a b o r a to r y ,  10 C a r l t o n  Road, O x fo rd .
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1, 3 - D i v i n y l i m i d a z o l i d - 2 - o n e  ( AIV)
1 . 3 - D i v i n y l i m i d a z o l i d - 2 - o n e  was p r e p a r e d  by t h e  method o f  CraTishaw and
55 oJ o n e s  ( C h a r t  A) a s  a c r y s t a l l i n e  s o l i d  m .p .64—65 ( w h i t e  f l a k e s  from
l i g h t  p e t ro le u m  b . p .  40—6 0°)
Found: C ,6 0 .4 5 ;  1 , 7 . 2 ;  N , 2 0 . 0 ^ ;  M+ ,1 3 8 ;
C a lc ,  f o r  C7H1oP20: C ,6 0 .8 5 ;  1 , 7 . 3 ;  1 ,2 0 .2 5 $ ;  M,13B;
\ |  3100 (C-H a l k e n e ) ,  2900 (C-H a l i p h a t i c ) ,  1725 (C = 0 ) ,  1635 (C = c) ,max .
1320( =CH-) ,  1275 (Amide I I I ) ,  983,842cm  ( l -C H = C H j;  t  ( C C l J  2 . 8  -  3 .3^ 4
( 2H, q, N-CH = CH0 ) ,  5 .7 - 6 .1  (4H,q,NCH=CH J ,  6 .4 (4 H , s ,  r i n g  p r o t o n s ) ;■■ max
251 nm(£ 3 7 ,8 0 0 ) .
P o ly  ( 1 ,  3 - d iv i n y l im id a z o I id - 2 - o > n e )
C o n d i t io n s  and r e s u l t s  a r e  g iv e n  i n  T a b le  1.1 . A t y p i c a l  f r e e  r a d i c a l
i n i t i a t e d  p o l y m e r i s a t i o n  T?as c a r r i e d  o u t  a s  f o l l o w s .  1 , 3 - D i v i n y l i m i d a z o l i d -•22 -o n e  ( 0 . 5g, 3 .6 x 1 0 ” m ol) was p la c e d  i n  a p y re x  tu b e  w hich  was p u rg e d  w ith
d ry  n i t r o g e n  and s e a l e d  w i th  a r u b b e r  serum ca p .  D i - t e r t . - b u t y l p e r o x i d e
( 1 0 |U L . , 5 .1 x 1 0 ” ^mol, 1.41 mo 1$) was i n j e c t e d  th ro u g h  th e  serum  cap u s i n g  a
s y r i n g e  and t h e  tu b e  h e a t e d  a t  130° — 0 .5 °  f o r  3h. The w h i t e  s o l i d  was
removed, g round  to  a powder and  S o x h le t  e x t r a c t e d  w i th  m e th a n o l  g i v i n g
p o l y ( l , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e ) , (Q .4 5 g ,9 0 $ )  m .p . "S 360°; \ )  1690-1710^ * max
4
(0 = 0 ) ,  1 270(Amide I I I )  w i th  r e s i d u a l  p eak s  a t  1 63 5 (C = C ),9 8 0 ,8 3 0  cm
( n- ch=ch2 ) .
1, 5 -D iv in y lh e x a h y d ro -p y r im id -2 -o n e  ( BY)
1 . 3 -D iv in y lh e x a h y d ro p y r im id -2 -Q n e  was p r e p a r e d  by th e  method o f  Crawshaw 
55and J o n e s  ( C h a r t  B) a s  a  c r y s t a l l i n e  s o l i d  m .p .63-66  ( w h i t e  f l a k e s  from  
l i g h t  p e t ro le u m  b . p .  4 0 -6 0 ° )
Found: C ,6 3 .1 5 ;  H ,8 .2 ;  1 , 1 8 .2 5 $ ;  M+ ,1 5 2 ;
C a lc ,  f o r  C8H12N20: C ,6 3 .1 5 ;  1 , 7 . 9 5 ;  1 , 1 8 .4 $ ;  M,152;
^  3100 (C-H a l k e n e ) ,  2900 (C-H a l i p h a t i c ) ,  1660 ( c = 0 ) ,  1630 (C = c ) ,» max
1325 ( =CH-) ,  978,837cm“‘1(l-CH=CH2 );  X  (CDCl^) 2 . 3 - 2 . 7(2H,q,N-CH=CH2 ) , 
5 .6-5 .9(4H ,q,N -CH =CH 2 ) ,  6 . 5 - 6 . 7 ( 4 H , t , l - C H 2~CH2-CH2-H ) ,  7 . 7 - 8 . 2(2H,m,CH2-
CH L-CH j; 1  _  254 nm( £  4 0 ,8 0 0 ) .—c c. max
P o ly  ( 1 , 3 - d iv in y lh e x a h y d r o p y r im id —2 -o n e )
C o n d i t io n s  and r e s u l t s  a r e  g iv e n  i n  T a b le  1 . 2 . A t y p i c a l  f r e e  r a d i c a l
i n i t i a t e d  p o l y m e r i s a t i o n  was c a r r i e d  o u t  a s  f o l l o w s .  1 , 3 - D iv in y lh e x a h y d r o -
p y r im id - 2 - o n e  ( 0 . 5 g , 3.3x10*" mol) was p l a c e d  i n  a p y re x  tu b e  w hich  was
p u rg e d  w i th  d ry  n i t r o g e n  and s e a l e d  w i th  a r u b b e r  serum c a p .  D i - t e r t -
b u t y l p e r o x i d e  ( 1 0 jUL.,5 .1 x 1 0 ” m o l ,1 . 54mol$) was i n j e c t e d  t h r o u g h  th e
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serum cap w i th  a s y r i n g e  and t h e  tu b e  h e a t e d  a t  130° i  0 .5 °  f o r  3h . The 
w h i t e  s o l i d  was removed, g ro u n d  to  a  powder and S o x h le t  e x t r a c t e d  w i th  
m e th an o l  g i v i n g  p o l y ( 1 , 3 - d i v i n y lh e x a h y d r o p y r i m id - 2 - o n e ) , ( 0 . 3 8 g ,72$) m .p .
‘> 3 ^ 0 ° ;  \ )  1 6 6 0 -1 650(c= p) w i th  r e s i d u a l  p eak s  a t  1630(C=C),9 7 8 ,8 3 7 ,y max
cnT1(N-CH=CH2 ) .
1 . 3 - D i n h e n y I - l , 3 - d iv i n y lw r e a  ( CIV)
1, > * D ip h e n y l-1 , 3 - d i v i n y l u r e a  was p r e p a r e d  by t h e  method o f  Crawshaw and 
J o n e s  ^  ( C h a r t  C) a s  a c r y s t a l l i n e  s o l i d  m . p . 115—116 ° ( w h i t e  n e e d l e s  from  
l i g h t  p e t ro le u m  b . p .  6 0 -8 0 ° )
Found: 0 , 7 7 .6 5 ;  H ,6 .3 ;  N ,1 0 .8 9 $ ;  M+ ,264?
C a lc ,  f o r  C17H161t20: C ,7 7 .2 5 ;  H ,6 .1 ;  1 , 1 0 .6 $ ;  M,264;
S  max 1675^ C=0)» 16 5°(C=C), 1 300(Amide I I I ) 1 5 9 5 ,1 4 9 4 ,7 5 0 ,6 9 7 , ( CgH5- ) 9 7 2 ,
845cm“ 1(H-CH=CH2 ) ;  (CDC1 ) 2 . 5 -3 .1  ( 6H,m,iit-and p—CgH^—) ,3 * 3 - 3 * 5(2H,m,CH
= C H j , 5 . 7 - 6 . 3 (8H ,q ,o -C fE i^ -and  CH=CH0 253 m a (£  1 8 ,2 0 0 ) .d. o p  — c, max
N,l - d i m e t h y l - 2 - c h l o r o e t h y l a m i n e  
Aqueous sodium  h y d ro x id e  (3 0 $  W/v ,2 8 0 m l)  was added  to  F,N—d i m e t h y l - 2 -  
c h lo r o e th y la m in e  h y d r o c h l o r i d e  ( 3 0 0 g ,2 .0 8 m o l)  i n  w a te r  (2 8 0 m l) .T h e  
l i b e r a t e d  b a s e  was e x t r a c t e d  w i th  e t h e r  to  g iv e  N ,H -d im e th y l—2 -  
c h lo r o e th y la m in e  (2 0 0 g ,8 9 $ )  a s  a c o l o u r l e s s  l i q u i d ,  b . p .  1 0 8 -1 1 0 ° ,  a f t e r  
rem ova l o f  e t h e r  u n d e r  re d u c e d  p r e s s u r e  and d i s t i l l a t i o n  • The b a s e  was 
s t o r e d  a t  - 2 0 °  i n  t h e  d a rk  to  a v o id  d i m e r i s a t i o n  to  N ,N ,N f ,N !—t c t r a -  
m e th y lp ip e r a z in iu m  c h l o r i d e .
1 . 3 - B is ( N .N - d im e th y la m in o e th y l ) - 1 , 3 - d im e th y lu r e a  (D i)
Dry 1 , 3 - d im e th y l u r e a  ( 1 5 . 0 g , 0 . 17mol) was d i s s o l v e d  w i th  s t i r r i n g  i n  
an h y d ro u s  N ,N -d im e th y lfo rm am id e  (200m l) i n  a  f l a s k  eq u ip p e d  w i th  an 
e f f i c i e n t  r e f l u x  c o n d e n s e r  to p p e d  w i th  a  s o l i d  c a rb o n  d i o x i d e  /  a c e to n e  
c o ld  f i n g e r .  Sodium h y d r id e  (60$  d i s p e r s i o n  i n  o i l , 2 0 . O g )  was added  w i th  
s t i r r i n g , f o l l o w e d  by d ro p w ise  a d d i t i o n  o f  N ,N - d im e th y l - 2 - c h l o r o e th y l a m in e  
( 3 9 « 6 g ,0 .3 7 m o l ) • The m ix tu r e  was h e a t e d  to  60° on a w a te r  b a t h  when a 
v ig o r o u s  e x o th e rm ic  r e a c t i o n  commenced. A f t e r  t h e  i n i t i a l  r e a c t i o n  h ad  
s u b s id e d  t h e  s o l u t i o n  was m a in ta in e d  a t  9 0 - 9 5 ° f o r  a f u r t h e r  20h . The 
s o l u t i o n  was c o o le d  , p o u re d  i n t o  d i l u t e  h y d r o c h l o r i c  a c i d  ( 1200ml) and 
e x t r a c t e d  w i th  c h lo ro fo rm  to  rem o /e  t h e  o i l  i n t r o d u c e d  w i th  t h e  sodium  
h y d r id e .  The aqueous  l a y e r  was made a l k a l i n e  w i th  aqueous  sodium  
h y d ro x id e  (3 0 $  W/ v ) ,  e x t r a c t e d  w i th  c h lo ro fo rm  and th e  e x t r a c t  d r i e d  
o v e r  an h y d ro u s  c a lc iu m  c h l o r i d e .  C h lo ro fo rm  was removed u n d e r  r e d u c e d  
p r e s s u r e  to  g iv e  1 , 3 - b i s ( h ,N - d i m e t h y l a m i n o e t h y l ) - 1 , 3 - d im e th y l u r e a
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( 2 8 .1 g ,7 2 $ )  a s  a  deep  r e d  l i q u i d ?  ^   ^ 2950(C -H ), 1680(C =0), 1262chT 1if max
(Amide I I I ) .
D im e th io d id e  o f  1 1 3 - b i s ( N ,  N -d im e th y la m in o e th y l  ) - 1 , 5 - d im e th y lu re a (  PIT.) 
M ethyl i o d i d e  ( 8 . 5g,G*06mol) i n  an h y d ro u s  e t h e r  (50m l) was added  d ro p w is e  
o v e r  1h to  a s o l u t i o n  o f  1, > - b i s ( H ,N - d im e th y l a m i n o e th y l ) - 1 , 3 - d im e th y l u r e a  
( 6 .9 g ,0 .0 3 m o l )  i n  an h y d ro u s  e t h e r  (7 5 m l) .  The p r e c i p i t a t e d  s o l i d  was 
c r y s t a l l i s e d  g iv i n g  t h e  d im e th io d id e  o f  1 , 3 - b i s ( N ,N - d im e th y la m in o e t h y l ) -
1 . 3 - d i n e t h y l u r e a  ( l 2 .3 g ,8 C $ )  m .p .224 -225°  ( w h i t e  n e e d l e s  from  m e th a n o l ) ;
Found: 0 ,3 0 .2 ?  H ,6 . 3 ;  N ,10 .8 $ ;
C13H32K40 I 2 re(ll l i r e s :  0 .3 5 ;  H, 6 .25? N, 1 0 .9 $ ;
\ )  „ 2900(C—H ) , 1620(C = 0),1 3 1 5cm_ 1 (Amide I I I ) ;  ' t  (D „ 0 )6 .4 (8 H ,  s ,  CO-N-y max £
CH2-CH2- 1 ) , 6 . 8 ( 18H ,s,B(CH 5 ) 3 ) , 7 .0 (6 H ,s ,C H  -N-CO-H-CH ) .
1» 3 -D im e th y l -1 . 3 - d i v i n y l u r e a  ( DIV)
1 . 3 - B i s ( N ,N - d im e th y la m in o e th y l ) - 1 , 3 - d im e th y lu r e a  ( 2 3 * 0 g , 0 . 1 mol) was 
d i s s o l v e d  i n  m e thano l ( 150m l), c o o le d  to  5° and hyd ro g en  p e r o x id e  (100  
v o l . , 6 0 g )  was added  d ro p w ise  w i th  s t i r r i n g  o v e r  1h. The s o l u t i o n  was 
a l lo w e d  to  warm to  room te m p e r a tu r e  and s t i r r i n g  m a in ta in e d  f o r  15h, 
a f t e r  which t im e  t h e  s o l u t i o n  no lo n g e r  tu r n e d  p h e n o l p h t h a l e i n  p a p e r  r e d .  
Manganese d i o x i d e  ( l .O g )  was added and t h e  s o l u t i o n  s t i r r e d  u n t i l  t h e  
s u p e r n a t a n t  l i q u i d  d i d  n o t  c o l o u r  s t a r c h  i o d i d e  p a p e r .  The s o l u t i o n  was 
f i l t e r e d  and w a te r  and m e th an o l  removed u n d e r  r e d u c e d  p r e s s u r e .  The s y ru p y  
p r o d u c t  was d i s t i l l e d  and th e  f r a c t i o n  b . p . 80 -1 0 0 °  a t  5.0mm Hg c o l l e c t e d  
w hich a f t e r  r e d i s t i l l a t i o n  from  s o l i d  sodium h y d r o x id e  y i e l d e d  1 , 5 -  
d i m e t h y l - 1 , 3 - d i v i n y l u r e a  ( 4 . 1 g ,2 9 $ ) , b . p . 52-54°  a t  1.0mm Hg as  a  c o l o u r l e s s  
l i q u i d ,  n jp  1 .5067 ;
Found: C.,.6 0 .2 5 ;  H ,8 .7 5 ;  N-,20.1 $ ;  M+, 140?
C^H12I 20 r e q u i r e s ?  C ,6 0 .0 5 ;  H ,8 .7 ;  N,20>.05$; M, 140;
\)  3100(C-H),2910(C-H), 1675(C=0), 1620(C=C), 1270(Amide I I I ) ,  1 320,978,
"  IH a X
845cm“ 1(N-CH=CH2 ); X{CC14 ) 3 .2 - 3 . ?(2H, q,N-CH=CH2 ), 5 .7 - 6 .1 ( 4H, t,H-CH=CH2 ) ,
7 .1 (6 H ,s ,H -C H _ ) ;  \  245 nm( £  1 5 ,7 0 0 ) .j  max
2-B rom oethy lam ine  h y d ro b ro m id e  ( E l )
2 -B rom oethy lam ine  h y d ro b ro m id e  was p r e p a r e d  e s s e n t i a l l y  by t h e  method 
o f  C o r t e s s e . ^ ^
E th a n o la m in e  ( 1 0 0 g ,1 .64m ol)  was added  d ro p w is e  w i th  s t i r r i n g  to  i c e - c o l d  
h y d ro b ro m in e  a c i d  ( 7 0 0 m l , s p . g r . 1 . 4 2 ) .  A f r a c t i o n a t i n g  colum n was a t t a c h e d  
to  t h e  f l a s k  and 185ml o f  d i s t i l l a t e  c o l l e c t e d .  The r a t e  o f  h e a t i n g  was
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th e n  d im in is h e d  u n t i l  t h e  l i q u i d  r e f l u x e d  i n  th e  c o lu m n .R e f lu x in g  was 
c o n t in u e d  f o r  1h th e n  a f u r t h e r  70ml o f  d i s t i l l a t e  c o l l e c t e d ,  f o l lo w e d  
by a  1h r e f l u x . T h i s  c y c l e  was r e p e a t e d  f o r  6 0 ,5 0 ,2 5 m l p o r t i o n s  o f  
d i s t i l l a t e  f o l lo w e d  by 3h r e f l u x  b e f o r e  d i s t i l l a t i o n  o f  c ru d e  h y d ro b ro m ic  
a c i d  ( 2 3 0 m l ) , t h e  t o t a l  volume o f  d i s t i l l a t e  b e in g  630ml.When t h e  r e s i d u e  
had  c o o le d  to  70 , a c e to n e  (350m l) was added w i th  s t i r r i n g  and th e  s o l u t i o n  
was c o o le d  i n  i c e  g iv i n g  2 -b ro m o e th y lam in e  h y d ro b ro m id e  ( 2 6 0 g ,7 7 $ )m .p .
17 2 -1 7 3 °( w h i t e  f l a k e s  from  a c e t o n e ) .
N - E th y le th y le n e d ia m in e  ( E l l )
2 -B rom oe thy lam ine  h y d ro b ro m id e  ( 1 0 2 . 5g?0 . 5 m o l) in  w a te r  ( 100ml) was added  
to  e th y la m in e  ( 7 0 $ ,1 5 5 g ,2 . 5mol) i n  w a te r  (3 0 0 m l) .T h e  m ix tu r e  was r e f l u x e d  
f o r  1 2 h ,u s in g  w a te r  c o o le d  to- 5° i n  t h e  c o n d e n s e r ,  a f t e r  w hich  s o l i d  
sodium h y d ro x id e  was added  w i th  s t i r r i n g  u n t i l  no more w ould  d i s s o l v e .
The u p p e r  l a y e r  was removed and t h e  lo w er  l a y e r  e x t r a c t e d  w i th  e t h e r ; t h e  
u p p e r  l a y e r  p lu s  e t h e r  e x t r a c t s  w ere  d r i e d  o v e r  s o l i d  sodium  h y d r o x id e ,  
th e n  sodium m e t a l . D i s t i l l a t i o n  th ro u g h  a f r a c t i o n a t i n g  column from  f r e s h
sodium gave  N - e th y le th y le n e d ia m in e  ( 1 8 . 5 g ,4 2 $ ) , b . p . 128-130° a s  a
25 oc o l o u r l e s s  l i q u i d  n^ 1 .4383 ; c h a r a c t e r i s e d  a s  t h e  d i p i c r a t e  m . p . 220-221
( y e l lo w  n e e d l e s  from  e t h a n o l ) .
1 - E t h y l im id a z o l id - 2 - o n e  ( E I I l )
N -E th y le th y le n e d ia m in e  ( 1 7 . 6 g ,0 .2 m o l )  was d i s s o l v e d  w i th  s t i r r i n g  i n  w a te r
( 80m l) i n  an e v a p o r a t in g  b a s in . P o t a s s i u m  c y a n a te  ( 1 6 . 2 g , 0 . 2mol) was added
and t h e  s o l u t i o n  n e u t r a l i s e d  w i th  h y d r o c h l o r i c  a c i d  (1N) u s i n g  l i t m u s
p a p e r  a s  an i n d i c a t o r .  The s o l u t i o n  was warmed on a  w a te r  b a t h  f o r  2h
and th e n  e v a p o r a te d  to  a p a s t y  s o l i d  w hich was d i s t i l l e d  u n d e r  r e d u c e d
p r e s s u r e  y i e l d i n g  1 - e t h y l i m i d a z o l i d - 2 - o n e  ( 1 7 . O g,75$)> b . p . 120-122° a t
0.5mm Hg w hich  c r y s t a l l i s e d  on s t a n d i n g  m .p .4 3 - 4 4 ° ( w h i t e  f l a k e s  from
c h lo ro f o r m ) ;  V 3 3 0 0 -3350(N -h ) , 1680(C = o), 1 275cm” 1(Amide I I I ) ;  X“ max
(CCl4 ) 6 . 7 ( 4 H , s , r i n g  p r o t o n s ) , 6 . 7 - 7 . 0(2H,q.K-GHg-CH ) , 8 . 8 - 9 . 1  ( 3H ,t ,N -C H 2
- ch 3 ) .
1- E t h y l -  2=L N ,N - d im e th y la m in o e th y l ) im id a z o l id - 2 - o n e  ( EIV)
1 - E t h y l im id a z o l id - 2 - o n e  ( 1 9 .4 g ,0 .1 ? m o l)  was d i s s o l v e d  w i th  s t i r r i n g  i n  
anhydrous  N ,N ~dim ethy lfo rm am ide (200m l) i n  a f l a s k  e q u ip p e d  w i th  an 
e f f i c i e n t  r e f l u x  c o n d e n s e r  to p p e d  w i th  a  s o l i d  ca rb o n  d i o x i d e / a c e t o n e  
c o ld  f i n g e r .  Sodium h y d r id e  (60$  d i s p e r s i o n  i n  o i l , 1 0 . 0 g )  was added  w i th  
s t i r r i n g  fo l lo w e d  by d ro p w ise  a d d i t i o n  o f  N ,N -d im e th y l -2 —c h l o r o e t h y l a m i n e  
( 1 9 .8 g ,0 .1 8 5 m o l ) • The m ix tu r e  was h e a t e d  to  60° when a v ig o r o u s  e x o th e rm ic  
r e a c t i o n  commenced. A f t e r  t h e  i n i t i a l  r e a c t i o n  had  s u b s id e d  t h e  s o l u t i o n
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was m a in ta in e d  a t  90 -9 5 °  f o r  a f u r t h e r  8h . The m ix tu r e  was c o o le d ,
p o u red  i n t o  w a te r  (1000m l) and e x t r a c t e d  w i th  c h lo ro fo rm .  The e x t r a c t
was d r i e d  o v e r  an h y d ro u s  c a lc iu m  c h l o r i d e  and th e  c h lo ro fo rm  was removed
u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  1 - e t h y l - 3 - ( N ,N - d i m e t h y la m in o e th y l )
im id a z o l id - 2 - o n e  ( 2 6 .4 g ,8 1 $ )  a s  a deep  r e d  l i q u i d ;  \} 28G0(M-(CEL) 0 ) *. F max j  c.
1 6 9 0 (0 = 0 ) ,1270cm" (Amide I I I ) .
M e th io d id e  o f  1- e t h y l -  2 d &  ,N - d im e th y la m in o e th .y l ) im id a z o l id - 2 - o n e  ( EV)
M ethyl i o d i d e  ( 1 7 . 0 g , 0 . 12mol) i n  anh y d ro u s  e t h e r  (50m l) was added  d ro p w is e
o v e r  1h to  a  s o l u t i o n  o f  1 - e th y l - 3 - ( M ,N - d im e th y la m in o e th y l ) im id a z o l id ~
2 -o n e  ( 1 9 . 8 g , 0 . 12mol) i n  anhydrous  e t h e r  (2 0 0 m l) .  The p r e c i p i t a t e  was
c r y s t a l l i s e d  g i v i n g  t h e  m e th io d id e  o f  1 - e t h y l - 3 - (  H .N -dim e th y l  a m in o e th y l )
im i d a z o l i d - 2 - o n e  ( 3 4 . O g,86$ ) m .p .2 0 0 -201° ( w h i t e  n e e d l e s  from  m e th a n o l ) ;
Pound: 0 , 3 6 .4 ;  H ,7 .0 ;  N , 12 .4$ ;
C J  I  01 r e q u i r e s :  0 , 3 6 .7 ;  H ,6 .8 ;  N , 1 2 .85$ ;1 tLc. J A
\ ]  17 0 0 (0 = 0 ) , 1270cm" (Amide I I I ) ;  "Z  (Do0 ) 6 . 2 - 7 . 0 ( 1 9 H ,m ,a l l  CH„y max d c.
and p(CH„) ) , 8 . 8 - 9 . l(3 H ,t ,N -C H .-C H _ ) .3 3 2 - 3
1- E t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  ( EV II)
The m e th io d id e  o f  1 - e th y l - 3 ( N ,N - d i m c t h y la m in o e th y l ) im i d a z o l id - 2 - o n e  
( 3 2 . 7 g . 0 . 1 mol) was d i s s o l v e d  i n  a m ix tu r e  o f  e t h a n o l  (200m l) and  w a te r  
(6 0 m l) .  S i l v e r  o x id e  (2 3 * 2 g ,0 .1 m o l)  was added  and  t h e  m ix tu r e  s t i r r e d  a t  
40° u n t i l  t h e  s u p e r n a t a n t  l i q u i d  was f r e e  from  i o d i d e  I o n s .  The s o l u t i o n  
was f i l t e r e d  and  w a te r  and e t h a n o l  w ere  removed u n d e r  r e d u c e d  p r e s s u r e  
to  g iv e  t h e  q u a t e r n a r y  ammonium h y d r o x id e  a s  a p a l e  y e l lo w  s y r u p .  The 
sy ru p  was decomposed a t  120-130° a t  1.5mm Hg y i e l d i n g  1 —e t h y l —3 - v i n y l — 
i m i d a z o l i d - 2 - o n e  ( 9 . 0 g , 6 4 $ ) b . p . 11 6 -1 1 8 °  a t  1.5mm Hg a s  a  c o l o u r l e s s  
l i q u i d  n j p  1 .4 9 9 1 ;
Found: C ,6 0 ,1 ;  H ,8 .9 ;  M ,20 .2$ ;  M+ ,1 4 0 ;  
r e q u i r e s :  C, 6 0 .0 5 ;  H ,8 .7 ;  N, 2 0 .0 5 $ ;  M, 140;
\ )  o 3 1 2 0 (C-H v i n y l ) ,  2990-2900( C-H), 1705( 0 = 0 ) .  1635( C=C) ,  1 503(Amide I I ) ,  w max
12?8(Amide I I I ) ,9 9 0 ,8 3 8 cm "1(N-CE=CH2 ) ; Z  (CDCi5 ) ,2 .8 - 3 .3 ( l H ,q , I - C H = C H 2 ),
5.8-6.2(2H,m,N-CH=CH2 ) ,6 .6 ( 4 K ,s ,C H 2 r i n g ) , 6 . 6 - 6 . 9 ( 2 H ,q , I -C H 2-CH ) , 8 . 7 -
9*0(3H, t,N~CH0—CH_); \  230' nm( £  2 0 ,0 0 0 ') .2 - 3  max
P o I y ( 1- e t h y I - 3 - v i n y l i m i d a z o l i d - 2 - o n e )
T a b l e d 5 shows r e p r e s e n t a t i v e  p o l y m e r i s a t i o n  c o n d i t i o n s  and  r e s u l t s .
The f o l l o w i n g  i s  a  t y p i c a l  p ro c e d u r e  f o r  a f r e e  r a d i c a l  i n i t i a t e d—3p o l y m e r i s a t i o n .  1- E t h y l - 3 - v i n y l i n i d a z o l i d - 2 - o n e  ( 1 . 0 0 g , 7 .1 4 x 1 0  mol) 
was d i s s o l v e d  i n  anh y d ro u s  b en ze n e  ( 4 . 0 g ) ,  i n  a  p y re x  t u b e .
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A z o b i s i s o b u t y r o n i t r i l e  ( 20mg, 1 .2 2 x 1 0  ^ m o l ,1 ,75m ol$) was added  and th e  
tu b e  p u rg e d  w i th  d ry  n i t r o g e n , s e a l e d  w i th  a r u b b e r  serum  c a p , v i g o r o u s l y  
a g i t a t e d  and p la c e d  i n  a t h e r m o s ta t  b a th  a t  70° i  0 .1 °  f o r  4 h .  The 
c o n t e n t s  o f  th e  tu b e  w ere s lo w ly  added to  v i g o r o u s l y  s t i r r e d  d i e t h y l  
e t h e r  (2 0 0 m l) .  The p r e c i p i t a t e d  po lym er was c o l l e c t e d  by f i l t r a t i o n ,  
washed r e p e a t e d l y  w i th  d i e t h y l  e t h e r  and d r i e d  a t  55°/0'.1mm Hg f o r  8h 
to  g iv e  p o l y ( 1- e t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  ( 0 . 4 6 g , 4 6 $ ) ,  s o f t e n i n g  
p o i n t  165° ( w h i t e  am orphous s o l i d ) ;
Found: C ,5 8 .9 ;  H ,8 .8 ;  N ,1 8 .9 5 $ ;
(C^H ^N ^O )^ r ^ c i r e s :  C ,6 0 .0 5 ;  H ,8 .6 5 ;  N ,2 0 .0 5 $ ;
^ m a x  ^ 9 7 0 -2 9 0 0 (C-H) ,  1 690(C=o), 1 503(Amide I I ) ,  1 270cm“ 1 (Amide I I l ) ; ^  
( c 6D6 )6 .3 -7 .2 (b r ) ,8 .6 -9 .3 (b r ) .
S o l u t i o n  v i s c o s i t y  o f  p o l y ( 1 - e t h y l - 5 - v i n y l i m i d a z o l i d - 2 - o n e )  
V i s c o s i t y  m easurem en ts  w ere c a r r i e d  o u t  a t  25° i n  an  O stw a ld  v i s c o m e je r  
B .S .U . -A; th e  r e s u l t s  a r e  sum m arised be low .
S o lv e n t C o n c e n t r a t i o n
7°
( c )
F low tim es
as
t  t 0
f j r e l i r ) t S £
T o luene 0 .9 2 2 2 1 5 .0  1 8 3 .0 1 .1 7 4 0 .1 7 4 0 .1 8 8
0 .7 3 7 2 0 7 .8 1 .1 3 5 0 ,1 3 5 0 .1 8 3
0 .2 9 4 1 9 3 .4 1 .0 5 6 0 .0 5 6 0 .1 9 0
0 .1 0 8 1 9 0 .2 1 .039 0 .0 3 9 0 .  361
r a
0 .1 9
a  +Mean v a l u e  o f  t h r e e  t im e s  whose d i f f e r e n c e  d id  n o t  ex c e e d  -  0 . 2 s .
P u r i f i c a t i o n  o f  monomers and s o l v e n t s  f o r  c o p o l y m e r i s a t i o n .
1 . 3 - D i v i n y l i m i d a z o l i d - 2 - o n e  was c r y s t a l l i s e d  tw ic e  from  l i g h t  p e t ro l e u m  
b . p . 4 0 -6 0 °  ( A n a l y t i c a l  R eag e n t)  d r i e d  a t  r e d u c e d  p r e s s u r e  and  s t o r e d  a t  
- 5 ° .
1 . 3 -D iv in y lh e x a h y d ro p y r im id —2 -o n e  was c r y s t a l l i s e d  tw ic e  f rom  l i g h t  
p e t ro le u m  b . p . 40 -6 0 °  ( A n a l y t i c a l  R e a g e n t)  d r i e d  a t  r e d u c e d  p r e s s u r e  
and  s t o r e d  a t  - 5 ° .
1 - E t h y l - 3 - v i n y l i m i d a z o l i d - 2 - o n e  was d i s t i l l e d  th ro u g h  a  N e s t e r - F a u s t  
s p in n in g  band d i s t i l l a t i o n  column e q u ip p e d  w i th  an 18" s t a i n l e s s  s t e e l  
band  and p a r t i a l  t a k e  o f f  h e a d , b . p .  110° a t  1.0mm Hg and s t o r e d  a t  - 5 ° .
E th y l  a c r y l a t e  ( m i d . c u t )  was r e d i s t i l l e d  th ro u g h  a  30cm colum n p ack e d
w i th  g l a s s  h e l i c i e s  e q u ip p ed  w i th  a  p a r t i a l  t a k e  o f f  h e a d  ( r e f l u x  r a t i o
3 :1 )  b . p . 9 8 . 8 - 9 9 . 0 °  and s t o r e d  a t  - 5 ° .
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Benzene ( A n a l y t i c a l  R e a g e n t)  was r e d i s t i l l e d  b . p . 8 0 . 5 ° .  
A z o b i s i s o b u t y r o n i t r i l e  was c r y s t a l l i s e d  tw ic e  from  m e th an o l  ( A n a l y t i c a l  
R eag e n t)  d r i e d  o v e r  p h o sp h o ru s  p e n to x id e  u n d e r  r e d u c e d  p r e s s u r e  and 
s t o r e d  a t  - 5 ° .
C o p o ly m e r is a t io n  o f  1 . 3 - d i v i n y l i m i d a z o l i d - 2 - o n e .  1. 3 - d i v i n y l h e x a -  
h y d ro p y r im id -2 -o n e  o r  1 - e t h y l - 3 - v i n y I i m i d a z o l i d - 2 - o n e  w i th  e t h y l  
a c r y l a t e .
C o r re s p o n d in g  am ounts o f  v i n y l u r e a  monomer and e t h y l  a c r y l a t e  ( t o t a l  
w e ig h t  2 .0 0 0 g )  w ere w eighed  i n t o  s to p p e r e d  b o t t l e s ,  t r a n s f e r r e d  u s i n g  
two a l i q u o t s  o f  ben zen e  (5ml each)  to  po lym er tu b e s  c o n t a i n i n g  
a z o b i s i s o b u t y r o n i t r i l e  ( 0 .1 3  mol $ ) •  The c o n t e n t s  o f  each  po lym er tu b e  
was made up to  2 0 . Og w i th  b e n ze n e ,  p u rg e d  w i th  d ry  n i t r o g e n  and s e a l e d  
w i th  a  r u b b e r  serum c a p .  The tu b e s  w ere v i g o r o u s l y  a g i t a t e d  and p l a c e d  
i n  a  t h e r m o s t a t t e d  w a te r  b a th  a t  60° -  0 . 1 ° .  When th e  r e a c t i o n  was ju d g e d  
to  h av e  p ro c e e d e d  to  a few p e r c e n t  c o n v e r s io n  t h e  c o n t e n t s  o f  t h e  tu b e  
w ere  s lo w ly  p o u re d  i n t o  v i g o r o u s l y  s t i r r e d  l i g h t  p e t ro le u m  b . p . 4 0 -6 0 °  
(2 0 0 m l) .  The p r e c i p i t a t e  was c o l l e c t e d  by f i l t r a t i o n ,  washed r e p e a t e d l y  
w i th  l i g h t  p e t ro le u m  and d r i e d  a t  55°/0.1mm Hg f o r  6h. The p o ly m ers  w ere  
g round  to  a  f i n e  pow der, washed r e p e a t e d l y  w i th  l i g h t  p e t ro le u m  and  d r i e d  
a t  5 5 ° / 0 . 1 mm Hg f o r  24h. The n i t r o g e n  c o n t e n t  o f  t h e  cop o ly m er  gave  t h e  
p e r c e n t a g e  o f  v i n y l u r e a  i n  t h e  cop o ly m er.  The r e s u l t s  a r e  g iv e n  i n  
T a b le s  2 .1 ,  2 .5 ,  2 . 9 .
E f f e c t  o f  1 , 3 - d i p h e n y l - 1 ,3 —d i v i n y l u r e a  on t h e  p o l y m e r i s a t i o n  o f  
s t y r e n e .
1 • R a te  o f  p o l y m e r i s a t i o n  -Q p c X i t 'a t iv e  e x p e r im e n ts  h a v e  shown t h a t  1 , 3 -  
d i p h e n y l - 1 , 3 - d i v i n y l u r e a  a c t s  a s  an i n h i b i t o r  o r  r e t a r d e r  o f  t h e  
p o l y m e r i s a t i o n  o f  v i n y l  a c e t a t e , e t h y l  a c r y l a t e , a c r y l i c  a n h y d r id e  and  
s t y r e n e .  The r a t e  o f  p o l y m e r i s a t i o n  o f  a s o l u t i o n  o f  1 ,3 —d i p h e n y l - 1, 3 -  
d i v i n y l u r e a  (5*0$ , W/w) i n  s t y r e n e  was m easured  u s i n g  a d i l a t o m e t e r ,  and  
compared w i th  t h e  r a t e  o f  p o l y m e r i s a t i o n  o f  s t y r e n e  a l o n e .
1 , 3 - B ip b e n y l - 1 , 3 - d i v i n y l u r e a  ( o .5 0 0 g )  was d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  
s t y r e n e  ( 9 .5 0 0 g )  and i n t r o d u c e d  i n t o  a  c a l i b r a t e d  d i l a t o m e t e r  u n d e r  an 
a tm o sp h e re  o f  d ry  n i t r o g e n .  The d i l a t o m e t e r  was p l a c e d  i n  a  t h e r m o s t a t  
b a t h  a t  70° i  0 . 1 °  and a f t e r  a l l o w in g  3min. f o r  e q u i l i b r a t i o n  and  
e x p a n s io n  o f  t h e  s o l u t i o n  th e  d e c r e a s e  i n  h e i g h t  o f  t h e  colum n was 
m easured  a t  1min. i n t e r v a l s .  When t h e  s o l u t i o n  had  t r a v e r s e d  t h e  l e n g t h  
o f  t h e  column th e  d i l a t o m e t e r  was w a s h e d ,d r i e d  and r e f i l l e d  w i th  f r e s h  
s t y r e n e / 1 , 3 - d i p h e n y l - 1 , 3 - d i v i n y l u r e a  m ix tu r e  and  t h e  e x p e r im e n t  r e p e a t e d .  
The mean v a l u e s  o f  t h r e e  e x p e r im e n ts  a r e  shown i n  T a b le  2 .1 6  and  F i g .  2 .1 0 .
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a lo n g  w i th  t h e  mean v a l u e s  f o r  s t y r e n e  a lo n e  t in d e r  I d e n t i c a l  c o n d i t i o n s .
The d i l a t o m e t e r  was c a l i b r a t e d  by c a l c u l a t i n g  t h e  c r o s s - s e c t i o n a l  
a r e a  o f  t h e  c a p i l l a r y  (4 .2 5 x 1 0  cm ) from t h e  w e ig h t  o f  a  m e rc u ry  t h r e a d ,rzby m e a su r in g  th e  t o t a l  volum e o f  t h e  d i l a t o m e t e r  (5 .74cm  ) u s i n g  w a te r  
and h en c e  c a l c u l a t i n g  t h a t  each  1 cm d e c r e a s e  i n  th e  c a p i l l a r y  h e i g h t  
r e p r e s e n t s  0 .4 0 6 $  p o l y m e r i s a t i o n .
2 .  V i s c o s i t y  and m o le c u la r  w e ig h t  —  C o rre s p o n d in g  am ounts  o f  1 , 3 - d ip h e n y l  
- 1 , 3 - d i v i n y l u r e a  and f r e s h l y  d i s t i l l e d  s t y r e n e  ( t o t a l  w t.  1 .0 0 Og) w ere 
d i s s o l v e d  i n  b enzene  (2 .0 0 m l)  i n  a  p y re x  tu b e  c o n t a i n i n g  a z o b i s i s o b u t y r o ­
n i t r i l e  (5mg,0<>5$ W/w ) .  The tu b e  was p u rg e d  w i th  d ry  n i t r o g e n ,  s e a l e d  w i th
o +a  r u b b e r  serum c a p , v i g o r o u s l y  a g i t a t e d , p l a c e d  i n  a w a te r  b a t h  a t  70 -
0 . 5 °  f o r  5h and g iv e n  p e r i o d i c  a g i t a t i o n .  The c o n t e n t s  o f  t h e  tu b e  w ere 
s lo w ly  p o u re d  i n t o  v i g o r o u s l y  s t i r r e d  m e thano l (300m l) and  t h e  p r e c i p i t a t e d  
po lym er c o l l e c t e d  by f i l t r a t i o n , w a s h e d  r e p e a t e d l y  w i th  m e th a n o l  and  d r i e d  
a t  55°/0.5mm Hg f o r  10h. The d i l u t e  s o l u t i o n  v i s c o s i t y  was d e te rm in e d  
a t  25° u s i n g  an O stw a ld  v i s c o m e te r  (B .S .U -A ) and t h e  r e s u l t s  a r e  
sum m arised  be low .
DPDVU i n  
m ix tu r e
C o n v e rs io n ^
%
C o n c e n t r a t i o n  
i n  t o l u e n e
F lo w tim es
es t rel (J s p  V  HEb \j
%
a b
$  ( c ) t  t 0
0 .0 ' 0 . 0 22 0 .2 5 4 198.1 1 8 6 .0 1 .0 6 5  0 .0 6 5  0 .2 5 6
5 .0  1 .5 20 0 .2 4 2 1 9 6 .3 1 .0 5 5 0 .0 5 5  0 .2 2 8
1 0 .0  2 .3 18 0 .2 3 6 1 9 3 .3 1 .0 3 9 0 .0 3 9  0 .1 6 6
2 0 .0  2 .7 16 0 .2 2 8 1 9 1 .3 1 .0 2 8 0 .0 2 8  0 .1 2 4
3 0 .0  3 .5 14 0 .2 2 8 190 .5 1 .0 2 5  0 .0 2 5  0 .1 0 9
a Amount o f  1 , 3 -d ip h e n y l - - 1 , 3 - d i v i n y l u r e a  ( DPDVU) i n m ix tu r e b e f o r e
p o l y m e r i s a t i o n .
10 Amount o f  DPDVTQi i n  p o lym er a f t e r  p o l y m e r i s a t i o n ,  c a l c u l a t e d  from  
n i t r o g e n  a n a l y s i s .
E s t im a te d  g r a v i m e t r i c a l l y  by p r e c i p i t a t i o n  i n  m e th a n o l .
0 +Mean v a l u e  o f  t h r e e  r u n s  d i f f e r i n g  by l e s s  th a n  -  0 . 2 s .
H y d r o ly s i s  o f  1 , 3 - d i v i n y l i m i d a z o l i d - 2 - o n e  o r  1 , 3 - d iv i n y l h e x a h y d r o -  
p y r im id - 2 - o n e .
H y d ro c h lo r ic  a c i d  (3 0 m l ,N / l0 0 )  was added  to  0 .2 0 g  o f  1 , 3 - d i v i n y l i m i d a z o l i d  
- 2 - o n e  o r  1 ,3 —d iv in y lh e x a h y d r o p y r im id - 2 - o n e  u n d e r  a  s lo w  s t r e a m  o f  d r y  
n i t r o g e n .  The e x i t  tu b e  from t h e  f l a s k  was Imm ersed I n  a  s o l u t i o n  o f
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2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  ( a l c o h o l / s u l p h u r i c  a c i d ) .  A f t e r  p a s s i n g  
n i t r o g e n  f o r  1h th e  p r e c i p i t a t e d  2 , 4 - d i n i t r o p h e n y l d r a z o n e  ( 0 .3 5 g )  was 
c o l l e c t e d  and c r y s t a l l i s e d  to  g iv e  a c e t a l d e h y d e  2 ,4 - d i n i t r o p h e n y l h y d r a z o n e ,  
m .p . and mixed m .p . l 6 6 °  (o r a n g e  n e e d l e s  from  e t h a n o l )  w i th  an i d e n t i c a l  
i n f r a r e d  s p e c tru m  to  an a u t h e n t i c  s am p le .  W ater was removed u n d e r  
re d u c e d  p r e s s u r e  from th e  r e s i d u a l  h y d r o l y s i s  m ix tu r e  l e a v i n g  a 
c r y s t a l l i n e  s o l i d  o f  im i d a z o l i d - 2 - o n e  m . p . 130-131° ( w h i t e  n e e d l e s  from  
e t h a n o l ) h a v i n g  an i d e n t i c a l  i n f r a r e d  s p e c tru m  to  an a u t h e n t i c  sam p le .  
S i m i l a r l y  2 -k e to h e x a h y d r o p y r im id in e  m .p .2 7 4 -2 7 6 ° (w h i t e  n e e d l e s  from  
w a te r )  h a v in g  an i d e n t i c a l  i n f r a r e d  sp e c tru m  to  an  a u t h e n t i c  sam p le  was 
t h e  r e s i d u e  from th e  h y d r o l y s i s  o f  1 , 3 - d iv in y lh e x a h y d r o p y r  i  mi d - 2 - o n  e .
H y d r o ly s i s  o f  1 . 5 - d i p h e n y l - 1 . 3 - d i v i n y l u r e a .
H y d r o c h lo r ic  a c i d  (20m l,6N ) was added  to  0 .1 5 g  o f  1 , 3 - d i p h e n y l - 1 , 3 -  
d i v i n y l u r e a  u n d e r  s low  s t r e a m  o f  d ry  n i t r o g e n .  The e x i t  tu b e  from  th e  
f l a s k  was im m ersed i n  a s o l u t i o n  o f  2 , 4 - d i n i t r o p h e n y l h y d r a z i n e  ( a l c o h o l /  
s u l p h u r i c  a c i d ) .  A f t e r  p a s s in g  n i t r o g e n  f o r  4h t h e  p r e c i p i t a t e d  2 , 4 -  
d in i t r o p h e n y l h y d r a z o n e  was c o l l e c t e d ,  and c r y s t a l l i s e d  to  g iv e  
a c e t a l d e h y d e  2 , 4 - d in i t r o p h e n y lh y d r a z o n e ,  m .p . and mixed m . p . 16 6 ° ( o r a n g e  
n e e d l e s  from  e t h a n o l )  w i th  an i d e n t i c a l  i n f r a r e d  sp e c tru m  to  an  a u t h e n t i c  
sam p le .  W ater was removed u n d e r  re d u c e d  p r e s s u r e  from  t h e  r e s i d u a l  
h y d r o l y s i s  m ix tu r e  l e a v i n g  a w h i te  s o l i d  o f  1 , 3 - d i p h e n y l u r e a  m .p . and 
mixed m .p .239—240 ( l o n g  w h i te  n e e d l e s  from  m e th a n o l)  h a v in g  an i d e n t i c a l  
i n f r a r e d  sp e c tru m  to  an a u t h e n t i c  sam ple .
1 - A c e ty l im i d a z o I id - 2 - o n e  ( F l )
I m i d a z o l i d - 2 - o n e  ( 1 7 .4 g ,0 .2 m o l )  was d i s s o l v e d  w i th  s t i r r i n g  i n  a  m i x tu r e  
o f  a c e t i c  a n h y d r id e  ( 2 1 .0 g .0 .2 m o l)  and g l a c i a l  a c e t i c  a c i d  (8 0 m l ) .  The 
s o l u t i o n  was r e f l u x e d  f o r  4 h ,c o o le d  and p o u re d  i n t o  d i e t h y l  e t h e r  (2 0 0 m l) .  
The p r e c i p i t a t e  was c r y s t a l l i s e d  g i v i n g  1 - a c e t y l i m i d a z o l i d - 2 - o n e  ( l 4 . 6 g ,  
5 7 $ )m .p .1 77 -17 8 ° ( w h i te  p r is m s  from  e t h a n o l ) ,
Found: 0 , 4 6 .6 ;  H ,6 .1 5 ;  N ,2 1 .9 $ J  M+ ,1 2 8 ;
C a lc ,  f o r  C5H8N20 2 : 0 , 4 6 .9 ;  H ,6 .3 ;  N ,2 1 .8 5 $ ;  M,128;
\)  3 ,3 0 0 ( N -H ),3 0 0 0 ,2 9 30(C -H ), 1 7 5 0 (0 = 0) ,  16 5 5 (0 = 0) ,  1265cm” 1( Amide I I I ) ;v max
^ ( D o0 ) 6 .0 - 6 . 7 ( 4 H , m , r i n g  p r o t o n s ) , 7 . ? ( 3 H ,s ,N - C 0 - C H j ; \  n (Ho0 )2 1 5d max d.
nm( E  13 »0 0 0 ) .
1 , 5 - D ia c e t y l i m i d a z o l i d - 2 - o n e  ( F I l )
I m i d a z o l i d - 2 - o n e  ( 1 0 . 0 g , 0 . 116mol) was d i s s o l v e d  w i th  s t i r r i n g  i n  a 
m ix tu re  o f  a c e t y l  c h l o r i d e  ( 4 5 .0 g ,0 .5 7 4 m o l)  and g l a c i a l  a c e t i c  a c i d  (50m l)  
The s o l u t i o n  was r e f l u x e d  f o r  4 h ,c o o le d  and p o u re d  I n t o  d i e t h y l  e t h e r
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(2 0 0 n il) .  The p r e c i p i t a t e  was c r y s t a l l i s e d  g i v i n g  1 , 3 - d i a c e t y l i m i d a z o l i d -
2 -o n e  ( I 5 . 1 g , 7 7 ^ )  m . p . 126-127° ( w h i t e  p r i s m s  from  a c e t o n e ) ,
Found: 0 , 4 9 .6 ;  H ,6 .0 ;  N ,1 6 .6 5 $ ; M+,1 7 0 ;
C a lc ,  f o r  C p jH ^ g C y  0 , 4 9 .4 ;  H ,5 .9 ;  N ,1 6 .4 5 $ ;  M,170;
^  3000-2930(C—H ) ,1 7 5 5 ( c=o ) , 16 9 5 (0= 0)1260cm~1(Amide I I I ) ;  V (D o0)jf max d.
6 .2 (4 H , s , r i n g  p r o t o n s ) , 7 . 5(6H ,s,N -C0-CH  ) ; O  „ (H 0)227nm( £  2 5 ,5 0 0 ) .j  w max c.
1—F o rm y l im id a z o l id -2 - o n e  ( F i l l )
I m i d a z o l i d - 2 - o n e  ( 1 5 .0 g ,0 .1 7 m o l )  was d i s s o l v e d  w i th  s t i r r i n g  i n  a  m ix tu r e  
o f  fo rm ic  a c i d  ( 8 .0 g ,0 .1 7 m o l )  and a c e t i c  a n h y d r id e  ( l 7 . 0 g , 0 . 17m ol), 
r e f l u x e d  f o r  3 h ,c o o le d  and p o u re d  i n t o  d i e t h y l  e t h e r  (2 0 0 m l) .  The 
p r e c i p i t a t e  was c r y s t a l l i s e d  g i v i n g  1 - f o r m y l i m i d a z o l i d - 2 - o n e  ( l 3 * 2 g ,6 8 $ )  
m .p .1 5 1 -1 5 2 °  ( w h i t e  p r i s m s  from  a c e t o n e ) ;
Found: 0 ,4 2 .0 5 ;  H ,5*25; N, 2 4 .7 5 $ ;
C^HgI20 2 r e q u i r e s :  0 , 4 2 .1 ;  H ,5 .3 ;  K ,2 4 .5 5 $ ;
S) 3300(N—H ), 17 2 5 (0 = 0 ) ,  16 8 0 (0 = 0 ) ,  1268cm"1 (Amide I I I ) ;  ^ ( d _o ) 1 .4¥ max c„
( l H , s , H - C = 0 ) ,6 . 1 - 6 .7 ( 4 H ,m , r i n g  p r o t o n s ) ;  r\ ,  (H 0)214nm( £  1 4 ,2 5 0 ) .max 2
1 . 3 - D i e t h y l i m i d a z o l i d - 2 - o n e  ( FIV)
I n i d a z o l i d - 2 - o n e  ( 7 . 5 g ,0 .0 8 5 m o l)  was d i s s o l v e d  w i th  s t i r r i n g  i n  a n h y d ro u s
N ,N -d im e th y lfo rm am id e  ( 100ml) i n  a f l a s k  e q u ip p ed  w i th  an e f f i c i e n t  r e f l u x
c o n d e n s e r  to p p e d  w i th  a s o l i d  ca rb o n  d i o x i d e / a c e t o n e  c o ld  f i n g e r .  Sodium
h y d r i d e  (6 0 $  d i s p e r s i o n  i n  o i l , 1 0 . 0 g )  was added  w i th  s t i r r i n g  f o l lo w e d
by d ro p w ise  a d d i t i o n  o f  e t h y l  i o d i d e  ( 2 8 . O g,0 . 1 7 n o l ) • A v ig o r o u s
e x o th e rm ic  r e a c t i o n  o c c u r r e d  w i th  e v o l u t i o n  o f  h y d ro g e n .  A f t e r  t h e
r e a c t i o n  s u b s id e d  th e  s o l u t i o n  was m a in ta in e d  a t  90° f o r  a  f u r t h e r  18h.
The s o l u t i o n  was c o o l e d ,p o u r e d  i n t o  w a te r  ( 6 0 0 n l ) , e x t r a c t e d  w i th
c h lo ro fo rm  and th e  e x t r a c t  d r i e d  o v e r  an h y d ro u s  c a lc iu m  c h l o r i d e .
C h lo ro fo rm  was removed u n d e r  re d u c e d  p r e s s u r e  and th e  r e s i d u e  d i s t i l l e d
y i e l d i n g  1 , 3 - d i e t h y l i n i d a z o l i & ~ 2 - o n e  ( 8 . 2 g , 6 8 $ ) , b . p . 8 3 -8 4 °  a t  0.5mm Kg
25a s  a  c o l o u r l e s s  l i q u i d  n^ 1 .4 6 7 8 ;
Found: 0 ,5 8 .8 5 ;  H ,1 0 .0 ;  N ,1 9 .6 $ ;  M+ ,1 4 2 ;
C a lc ,  f o r  C7H14N20 : 0 ,5 9 .1 5 ;  H ,9 .9 ;  N ,1 9 .7 $ ;  M,142;
\ |  m 2970 ,2870(C -H ),1685 (C = 0),1263cm “ 1(A n id e  I I I ) ;  X  ( C C 1 .)6 .8 < 4 H ,s ,u  O c lX  tj.
r i n g  p r o t o n s ) , 6 . 8 - 7 . 3(4H,q,N-CHo-0H _) , 8 . 8 - 9 . 1 ( 6H ,t,N -CH o0 H , ) .- 2  3 2 - 3
1 . 3 - D ib e n z v I im id a z o l id - 2 - o n e  ( F V Il)
I n i d a z o l i d - 2 - o n e  ( 7 . 5 g ,0 .0 8 5 m o l)  was d i s s o l v e d  w i th  s t i r r i n g  i n  a n h y d ro u s  
N ,N -d im ethy lfo rm am ide  ( 100ml) i n  a  f l a s k  e q u ip p ed  w i th  an e f f i c i e n t
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r e f l u x  c o n d e n s e r  to p p e d  w i th  a  s o l i d  ca rb o n  d i o x i d e / a c e t o n e  c o ld  f i n g e r .  
Sodium h y d r i d e ( 60/^ d i s p e r s i o n  i n  o i l , 1 0 . 0 g )  was added  w i th  s t i r r i n g  
fo l lo w e d  by d ro p w is e  a d d i t i o n  o f  b e n z y l  c h l o r i d e  ( 2 2 .0 g , 0 .1 7 m o l ) .  A 
v ig o r o u s  e x o th e rm ic  r e a c t i o n  o c c u r r e d  w i th  e v o l u t i o n  o f  h y d ro g e n .  A f t e r  
t h e  r e a c t i o n  had  s u b s id e d  t h e  s o l u t i o n  was m a in ta in e d  a t  90° f o r  a
f u r t h e r  14h. The s o l u t i o n  was c o o le d ,p o u r e d  i n t o  w a te r  (600m l)  and th e
s o l i d  w hich s e p a r a t e d  c o l l e c t e d  by f i l t r a t i o n .  C r y s t a l l i s a t i o n  o f  t h e  
s o l i d  g av e  1 , 3 - d i b e n z y l i m i d a z o l i d - 2 - o n e  ( l8 .5g ,82$> ) m .p .9 2 - 9 3 ° ( w h i t e  
f l a k e s  from  l i g h t  p e t ro le u m  b . p . 6 0 -8 0 ° ) ;
Found: C ,7 6 .5 ;  H ,6 .8 5 ;  N, 1 0 .5 $ ;  M+ , 2 66;
C a lc ,  f o r  C ,_H .DNo0 : C ,7 6 .6 5 ;  K ,6 .8 ;  N ,1 0 .5 &  M,266;W  1 o  2
Sj tt, .„3020(C —H a r o m a t i c ) ,2920—286o(C-H a l i p h a t i c ) , 1690( C=o),1 4 9 3 ,1 4 5 0
*  Iu c lX
(C=C), 1255cm” 1(Amide I I I ) ;  X  (CS2 ) 3 . 1 (1 0 H ,s ,p h e n y l  p r o t o n s ) , 5 . 9 ( 4 H , s r
N-CH1>-C f.Ec. ) , 7 . l ( 4 H , s , r i n g  p r o t o n s ) ;  \  260nm ( £  4 0 0 ) .d max
1 , 3 - D ip h e n y l im id a z o l id - 2 -o n e  ( CIA)
D u rin g  th e  s y n t h e s i s  o f  1 , 3 -d ip h e n y 1 - 1 , 3 - d i v i n y l u r e a ,  1 , 3 - d i p h e n y l i m i d a z o l i d
- 2 - o n e  was i s o l a t e d  from  t h e  r e a c t i o n  o f  N ,N - d im e th y l - 2 - c h lo r o e th y l a m in e
w i th  th e  d i - s o d iu m  s a l t  o f  1 ,3 —d ip h e n y lu r e a ;  t h e  m a jo r  p r o d u c t  o f  th e55r e a c t i o n  b e i n g  1 , 3 - b i s ( h , N - d im e th y la m in o e th y l ) - 1 , 3 - d ip h e n y l u r e a  ( C l ) .  
C r y s t a l l i s a t i o n  gave  1 , 3 - d ip h e n y l im id a z o l id - 2 - o n e  (5*1g:» 12?o b a s e d  on 
d ip h e n y l u r e a ) m .p . 2 1 5 -2 1 6 ° ( s i l v e r y - w h i t e  f l a k e s  from e t h a n o l ) ;
\1 16 8 0 (C = 0), 1 300(Amide I I I ) ,1 5 9 8 , 1 4 9 8 ,7 5 4 , 694cm” 1 ( m o n o s u b s t i t u t e df max
b e n z e n e ) ;  V  ( ( C D ^ ^ C O ^ .I ^ ^ o O O H y in ,  p h e n y l  p r o t o n s ) , 6 . 0 ( 4 H , s , r i n g  p r o t o n s ) ;
^ max266nm( £  3 7 ,0 0 0 ) .
1. 3 -D ie  th y  lh e x a h y d ro -p y r im id -2 -o n e  ( G I)
2 -K e to h e x a h y d ro p y r im id in e  ( 8 .7 g ,0 .0 8 5 m o l )  was d i s s o l v e d  w i th  s t i r r i n g  i n  
an h y d ro u s  N ,N -d im e th y lfo rm am id e  ( 100ml) i n  a f l a s k  e q u ip p e d  w i th  an 
e f f i c i e n t  r e f l u x  c o n d e n s e r  to p p ed  w i th  a  s o l i d  c a rb o n  d i o x i d e / a c e t o n e  
c o ld  f i n g e r .  Sodium h y d r id e  (6 0 ^  d i s p e r s i o n  i n  o i l , 1 0 . 0 g )  was added  w i th  
s t i r r i n g , f o l l o w e d  by d ro p w ise  a d d i t i o n  o f  e t h y l  i o d i d e  ( 2 8 . O g ,0 . 1 ? m o l ) •
A v ig o r o u s  e x o th e rm ic  r e a c t i o n  o c c u r r e d  w i th  e v o l u t i o n  o f  h y d ro g e n .  A f t e r  
t h e  r e a c t i o n  had  s u b s id e d  t h e  s o l u t i o n  was m a in ta in e d  a t  90°  f o r  a 
f u r t h e r  6h . The s o l u t i o n  was c o o le d ,p o u r e d  i n t o  w a te r  ( 6 0 0 m l) , e x t r a c t e d  
w i th  c h lo ro fo rm  and th e  e x t r a c t  d r i e d  o v e r  anh y d ro u s  c a lc iu m  c h l o r i d e .  
Removal o f  c h lo ro fo rm  u n d e r  re d u c e d  p r e s s u r e  fo l lo w e d  by d i s t i l l a t i o n  
gave  1 , 3 - d ie th y lh e x a h y d r o p y r im id - 2 - o n e  ( 1 0 . 1 g ,7 7 $ ) b .p .9 5 - 9 6 °  a t  0.5mm Hg
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25a s  a  c o l o u r l e s s  l i q u i d  1 .4 7 7 4 ;
Found: C ,6 1 .2 ;  H , 1 0 .1 5 ;  N , 1 7 .6 $ ;  H+ ,1 5 6 ;
C a lc ,  f o r  C8H16N20 : C ,6 1 .5 ;  H ,1 0 .3 ;  N ,1 7 .9 $ ;  M,156;
^  max2^ 6 o >2890(C-H ), 1645(C = °) ,  1296 cm"’1 (Amide I I I ) ;  T  ( CC14 ) 6 . 6 - 7 .0  
(8H,m,CH^ p r o to n s  a d j a c e n t  n i t r o g e n ) , 8 . 0 - 8 . 4(2H ,m ,N -CH ^CE^-CH ^-N ), 9 . 0 -  
9 .2 (6 H ,t ,N -C H 0- C H j .2 -3
P u r i f i c a t i o n  o f  a c e ta l d e h y d e  
A c e ta ld e h y d e  ( r e a g e n t  g r a d e )  was shaken  w i th  sodium b i c a r b o n a t e  f o r  1h, 
f i l t e r e d  and s to o d  o v e r  an hydrous  c a lc iu m  s u l p h a t e  f o r  2h b e f o r e  
d i s t i l l a t i o n  th ro u g h  a 100cm V ig reu x  column. The m id d le  f r a c t i o n  was 
c o l l e c t e d , s t o o d  o v e r  a  s m a l l  amount o f  h y d ro q u in o n e  f o r  2h a t  0 °  b e f o r e  
r e d i s t i l l a t i o n  th ro u g h  a  100cm V ig reux  column eq u ip p ed  w i th  a  p a r t i a l  
t a k e  o f f  h ead  ( r e f l u x  r a t i o  3 : 1 ) .  The f r a c t i o n  h a v in g  b . p . 2 0 . 5 °  was 
c o l l e c t e d .
P u r i f i c a t i o n  o f  t r i e t h y l a m i n e  
T r i e th y la m in e  ( r e a g e n t  g ra d e )  was a l lo w e d  to  s t a n d  o v e r  m o l e c u l a r  s i e v e  
(Type 4A) f o r  48h , B enzoy l c h l o r i d e  (30m l) was added  d ro p w is e  to  a  500ml 
p o r t i o n  o f  t r i e t h y l a m i n e , t h e  s o l u t i o n  was f i l t e r e d , r e f l u x e d  w i th  a  
f u r t h e r  p o r t i o n  o f  b e n z o y l  c h l o r i d e  (30m l) and th e n  d i s t i l l e d .  The 
m id d le  f r a c t i o n  was r e d i s t i l l e d  from  sodium th ro u g h  a  100cm V ig re u x  
column e q u ip p e d  w i th  a  p a r t i a l  t a k e  o f f  h e a d  ( r e f l u x  r a t i o  5 :1 )  and  t h e  
f r a c t i o n  h a v in g  b . p . 8 9 . 5 °  was c o l l e c t e d .
P i v i n y l  p h e n y lp h o su h c n a te  ( h i )
F r e s h ly  d i s t i l l e d  p h e n y lp h o sp h o n ic  d i c h l o r i d e , b . p . 8 6 -8 8 °  a t  0.5mm Hg, 
( l 3 8 . 0 g ,0 . 7 0 m o l )  was added  d ro p w ise  o v e r  2h to  a  s t i r r e d  s o l u t i o n  o f
a c e ta ld e h y d e  ( 2 3 0 . O g ,5 . 2mol) and  t r i e t h y l a m i n e  ( 1 9 6 . O g ,1 .9 4 m o l)  w hich
owas p r e v i o u s l y  c o o le d  to  -1 5  and  sw ept v i t h  dry n i t r o g e n .  The s o l u t i o n  
was m a in ta in e d  a t  —15° f o r  5b d u r in g  w hich t im e  t h e  p r e c i p i t a t e  and  
s o l u t i o n  s lo w ly  d a rk e n e d  i n  c o l o u r .  The s o l u t i o n  was a l lo w e d  to  warm to  
room t e m p e r a t u r e , s t i r r e d  f o r  a  f u r t h e r  15b th e n  l i g h t  p e t r o l e u m  b . p . 4 0 -  
60° (200m l) was added  w i th  s t i r r i n g .  The p r e c i p i t a t e  ( t r i e t h y l a m i n e  
h y d r o c h lo r i d e  m .p .253 from  a l c o h o l )  was removed by f i l t r a t i o n  and  t h e
v o l a t i l e  f r a c t i o n s  removed u n d e r  re d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  t h e
or e s i d u e  gave  d i v i n y l  p h e n y lp h o sp h o n a te  b . p . 116-118  a t  1.5mm H g,w hich
was r e d i s t i l l e d  th ro u g h  a  N e s t e r - F a u s t  s p in n in g  band column w i t h  an  1 8 “
s t a i n l e s s  s t e e l  band  and p a r t i a l  t a k e  o f f  h e a d  (6 G .0 g ,4 1 $ )  b .  p .  107—108°
25a t  0.5mm Hg a s  a  c o l o u r l e s s  l i q u i d  in  1 .5 1 4 9 ;
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Found: C ,5 7 .4 ;  H ,5 .2 5 ;  P ,1 4 .8 $ ;  M+ ,2 1 0 ;
C a lc ,  f o r  C10Hn P05 : C, 5 7 .1 5 ;  H ,5 .2 5 ;  P, 1 4 .7 5 $ ; M,210;
\ !  mQV3060(C-H p h en y l  and v i n y l ) , 1 642(C=C v i n y l ) ,1 5 9 3 ,1 443(C=C p h e n y l ) ,lY niaX
1280(P=0) , 1 020(P-0-CH=CH2 ) , 980-960(CH=C < ) ,  792(P-O-C a s s y m . ) ,7 5 5 ,7 2 2 ,
692cm“ 1(C-H p h e n y l ) ;  %  (CCI4 ) 1 . 9 - 2 . 6 (5 H ,m ,P -p h e n y l ) , 3 . 1 - 3 . 6 ( 2 H ,q ,P - 0 -
CH=CH2 ) , 4 . 9 - 5 . 5(4H, t , P-0-CH=CH2 ) ;  §  31P( CHCI ) - 1 1 . 4 p . p . m.
P o ly  ( d i v i n y l  p h e n y lp h o sp h o n a te )
C o n d i t io n s  and r e s u l t s  a r e  g iv e n  i n  T a b le 6 .1 .  A t y p i c a l  exam ple o f  a  f r e e  
r a d i c a l  i n i t i a t e d  p o l y m e r i s a t i o n  was c a r r i e d  o u t  a s  f o l l o w s .  D iv in y l  
p h e n y lp h o sp h o n a te  ( 2 . 1 0 g ,0 .01  mole) was d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  
N ,N -d im e thy lfo rm am ide  ( 2 . 1 0 g ,b .p .4 4 -4 5 °  a t  20mm H g ) ,a d d e d  to  a  p y re x  
tu b e  c o n t a i n i n g  a z o b i s i s o b u t y r o n i t r i l e  ( 30'mg, 2x10 m o l ,2 .0 m o l$ )  t h e  tu b e  
p u rg ed  w i th  d ry  n i t r o g e n  and s e a l e d  w i th  a  r u b b e r  serum c a p .  The 
m ix tu r e  was i r r a d i a t e d  w i th  a  medium p r e s s u r e  m ercu ry  d i s c h a r g e  lamp 
f o r  I 6 h , t h e n  s lo w ly  p o u red  i n t o  v i g o r o u s l y  s t i r r e d  d i e t h y l  e t h e r  (2 0 0 m l) ,  
t h e  p r e c i p i t a t e  c o l l e c t e d  by f i l t r a t i o n , w a s h e d  r e p e a t e d l y  w i th  d i e t h y l  
e t h e r  and d r i e d  u n d e r  re d u c e d  p r e s s u r e  55° a t  0 . 5mm Hg. The s o l i d  was 
g round  to  a  f i n e  p o w d e r ,S o x h le t  e x t r a c t e d  w i th  h ex an e  and  d r i e d  u n d e r  
re d u c e d  p r e s s u r e  55° a t  0.5mm Hg g i v i n g  p o l y ( d i v i n y l  p h e n y lp h o s p h o n a te )  
( 0 . 4 5 g , 2 1 $ ) s o f t e n i n g  p o i n t  155-160°;
Found: C ,5 6 ,5 ;  H ,5 .5 5 $ ;
C a lc ,  f o r  (C 10II11P03 )n : C, 5 7 .1 5 ;  H ,5 .2 5 $ ;
3100-2900 ( b r )  (C -H ), 1600-1550 , 1450 (C=C p h e n y l ) ,  1300-1250
>' luclX
( b r )  (P = 0 ) ,  1040-990  ( b r )  (p -O -C ),  755-690 cm” 1 (C-H p h e n y l )
" t ( ( C D 3 ) 2S0) 2 . 2 - 2 . 7  ( b r ) ,  4 . 8 - 5 . 8 ( b r ) ,  7 . 7 - 8 . 8 ( b r ) ;  6  31?
(N,N -d im e th y l fo rm a m id e )  - 1 4 . 2 ,  - 2 9 .0  p .p .m .  The sam ple  h ad  a r e d u c e d  
s p e c i f i c  v i s c o s i t y  ( f] s p . / c )  o f  0 .0 4 2  ( N ,h - d im e th y l f o rm a m id e ) .
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R e a c t io n  o f  d i v i n y l  p h e n y lp h o sp h o n a t e  ;w ith  b r o m o t r i c h l o r o m.eth ane  
D iv in y l  p h e n y lp h o s p h o n a te  ( 4 . 2 g , 0 ;.02m ol)  was d i s s o l v e d  i n  f r e s h l y  d i s t i l l e d  
b r o m o t r ic h lo ro m e th a n o  ( 1 0 .0 g ,0 .0 5 m o l ) . The m ix tu re  was p u rg e d  w ith  d ry  
n i t r o g e n , s e a l e d  i n  a  g l a s s  am poule an d  i r r a d i a t e d  w i th  a  medium p r e s s u r e  
m ercu ry  d i s c h a r g e  lamp f o r  15h. The e x c e s s  b ro m o t r ic h lo ro m e th a n o  was 
removed u n d e r  r e d u c e d  p r e s s u r e  y i e l d i n g  b i s (  1-bromo~5» 3» 3 - t r i c h lo ix>prop y l )  
phony 1 p h o s p h o n a te a s  a p a l e  y e l lo w  h i g h l y  v i s c o u s  l i q u i d , ^  1 .5635 ;
Found; B r , 2 6 .0 5 ;  0 2 ,3 3 .7 $ ;
C i2H10P03Gl6B r9 r e q u i r e s :  B r ,2 6 .3 5 ;  C l , 35 .06$ ;
■y>„ 2990( C-H a l i p h a t i c ) ,  1 5 9 5 ,1 443( C=C) ,  1275(P=0) ,1 0 2 0 - 1 060(P -O -C ) ,  792X u c l X
(P~0C a s s y m ) ,7 5 5 ,690cm "*(C-H p h e n y l ) ;  'X  (C C 1 ,)1 . 9 - 2 . 6 (5 H ,m ,P -p h e n y l ) ,
2 .8 --3 .3 (2H ,m ,P -O —CH—B r) , 6 . 2 " 6 .4 (4 H ,m y-CH-CK_-CCl„), £  51P(C H C 1,)~ 16 .02 3 3p .p .m .
B i s ( 2 - c h i o r o e t h y l ) phenylp h o s p h o n a te  ( HII )
E th y le n e  o x id e  (1 3 * 2 g ,0 .3 m o l )  was added  th ro u g h  a w ide b o r e  g a s  i n l o t  tu b e  
o v e r  2h to  a s t i r r e d  s o l u t i o n  o f  p h e n y l  pho sphon i ■- d i c h l o r i d e  ( l 9 . 5 g , 0 . 1  
mol) and anhydrous  a lum in ium  c h l o r i d e  ( l . 9 5 g )  a t  room te m p e r a t u r e .  
D i s t i l l a t i o n  o f  t h e  r e a c t i o n  m ix tu r e  g av e  b i s ( 2 - c h l o r o o t h y l )  p h e n y lp h o s ­
p h o n a te  ( 1 9 . 8 g ,7 0 /o )b .p .  192-194° a t  2.0mm Hg a s  a c o l o u r l e s s  v i s c o u s  l i q u i d  
1 .5 2 3 6 ;
\ \  3060(C-H p h e n y l ) , 2 9 8 0 ,2900(C-H a l i p h a t i c ) ,  1 5 9 3 ,1445(C=C), 12 5 5 (P = 0 ) ,v max
1140 ,1030(P -0 -C H 2-CE2 ) f 760 ,700cm "1(C-H p h e n y l ) ;  X  (CC1 ) 2 .0 - 2 .6 ( 5 H ,m ,P -
p h e n y l ) , 4 .6 - 4 . 9 ( 4 E , m PP-0-CH2- ) 6 .3 - 6 . 5 ( 4 H , t , 0 ~ C H 2-CH2 ) ;  S  51p(CHCl J - 1 7 . 2  
p .p .m .
Di e t h y l  p h en y lp h o sp h o n a t e  ( H i l l )
Pheny 1 p h o sp h o n ic  d i c h l o r i d e  ( 9 .8 g ,0 .0 5 m o l )  i n  an h y d ro u s  b e n z e n e  (20m.l)
was added  d ro p w ise  to  a  s t i r r e d  r e f l u x i n g  s o l u t i o n  o f  an h y d ro u s  e t h a n o l
( 7 . 0 g , 0 . 15mol) and an h y d ro u s  p y r i d i n e  ( S .0 g ,0 . lO m o l )  i n  a n h y d ro u s  b en ze n e
(6 0 m l) .  When a d d i t i o n  was c o m p le te  t h e  s o l u t i o n  was r e f l u x e d  f o r  a
f u r t h e r  2h, c o o le d  and f i l t e r e d  to  remove pyrid in i-om  c h l o r i d e .  The
f i l t r a t e  was c o n c e n t r a t e d  on a  r o t a r y  e v a p o r a to r  th e n  d i s t i l l e d  g i v i n g
d i e t h y l  p h e n y lp h o sp h o n a te  ( 1 0 . 7 g , 7 6 $ ) b . p . 126-128 a t  1.0mm Hg a s  a
25c o l o u r l e s s  l i q u i d  n^ 1 .4923 ;
^  m 3060(C-H p h e n y l ) , 2980~2900(C-H a l i p h a t i c ) , 1 5 9 3 ,1 440(C=C) ,  1255(P=C) ,  max .
1168(P-0-C H 2-CE ) ,7 5  5 , 700cm ( C-H p h e n y l ) ;  ( CC1 )2 .1  - 2 . 6 ( 5H, m ,P - p h e n y l ) ,
5 . 8 - 6 . 3(4H ,m ,0—CHo-CH ) , 8 . 7 - 8 . 9 ( 6 H , t , 0 —CH0-C H _); £  51P(CKC1 J - 1 6 . 8 p . p . m .-*c. 3 <_ —3 3
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2 - P h e n y l - 1 , 5 , 2 -d io x a p h o s p h o la n e ~ 2 -o x id e  (HIV)
P h e n y lp h o s p h o n ic  d i c h l o r i d e  ( 1 9 . 5 g ,0 . 1mol) i n  an h y d ro u s  d io x a n  (30m l) 
was added  d ro p w is e  to  a s t i r r e d  s o l u t i o n  o f  1 , 2 - e t h a n e d i o l  ( 6 . 2 g , 0 .1  m o l) 
and a n h y d ro u s  p y r i d i n e  ( I 6 .0 g ,0 .2 m o l )  i n  anh y d ro u s  d io x a n  (60m l) u n d e r  
an a tm o sp h e re  o f  d ry  n i t r o g e n .  The s o l u t i o n  was s t i r r e d  f o r  a  f u r t h e r  2h, 
f i l t e r e d  and d io x a n  removed u n d e r  re d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  th e
r e s i d u e  g ave  2 - p h e n y l - 1 , 3 , 2 - d io x a p h o s p h o la n e - 2 - o x id e  (11 . 9 g , 6 5 $ ) b . p . 169-
o 25171 a t  0.7mm Hg a s  a c o lo u r l e s s ,  l i q u i d  n^ 1 .5359 ;
Found: C ,5 1 .9 ;  H ,5 .3 $ ;
C a lc ,  f o r  C HoP 0 , :  C ,5 2 .2 ;  H ,4 .9 5 $ ;y y 3
'V 3 0 4 0 (C-H p h e n y l ) ,2 9 8 0 (C -H  a l i p h a t i c ) , 1 5 9 7 ,1 445(C=C ), 1 2 7 0 ( P = 0 ) ,1132,* max
10 4 0 (P -O -C ) ,7 5 0 ,7 1 3 ,690cm"1( C-H p h e n y l ) ;  X  ( (C D „)oS 0 )l  . 8 - 2 . 5 (5H ,m ,P -j  <-
p h e n y l ) , 5 . 1 - 5 . 5(4H,m,0-CH2 ) ;  §  31P(CHC1 ) -3 1 .O p .p .m .
2 - P h e n y l - 1 . 3 , 2 -d io x a p h o r in a n e —2 -o x id e  ( HV)
P h e n y lp h o sp h o n ic  d i c h l o r i d e  ( 1 9 .5 g ,0 .1 m o l)  i n  anh y d ro u s  b e n z e n e  (30m l)
was added  d ro p w is e  to  a s t i r r e d  r e f l u x i n g  s o l u t i o n  o f  1 , 3 -p n o p a n e d io l
( 7 .6 g ,0 .1 m o l )  and anh y d ro u s  p y r i d i n e  ( l6 .0 g ,0 .2 m o l )  i n  a n h y d ro u s  b e n ze n e
(60m l) u n d e r  an a tm o sp h e re  o f  d ry  n i t r o g e n .  The s o l u t i o n  was r e f l u x e d
f o r  a f u r t h e r  2 h , c o o l e d , f i l t e r e d  and b e n ze n e  removed u n d e r  r e d u c e d
p r e s s u r e .  D i s t i l l a t i o n  o f  t h e  r e s i d u e  g ave  2 - p h e n y l - 1 , 3 , 2 - d io x a p h o s p h o r -
i n a n e - 2 - o x i d e  ( 1 2 . 3 g , 6 2 $ ) b . p . 148-149° a t  0.02mm Hg as  a  c o l o u r l e s s  l i q u i d
w hich c r y s t a l l i s e d  on s t a n d i n g  m .p .3 2 - 3 3 ° ( w h i t e  p l a t e s  from  h e x a n e ) ;
Found: C ,5 4 .3 ;  H ,5 .8 $ ;
C a lc ,  f o r  C H . , P0„: C ,54-55 ; H ,5 .6 $ ;9 I ' 3
\> , 3 0 4 0 (C-H p h e n y l ) ,2 9 9 0 (C -H  a l i p h a t i c ) , 1 5 9 5 ,1440(C = C ),1260(P = 0),'  max
1 1 3 0 ,1 0 5 0 ( P - 0 - C ) ,7 6 0 ,7 4 0 ,685cm” 1(C-H p h e n y l ) ;  X  (CC1 ) 2 .0 - 2 .4 ( 5 H ,m ,P -  
p h e n y l ) , 5 . 3 - 6 . 1 ( 4H,m ,P-0-CE2 ) , 7 . 8 - 8 . 3(2H,m,0-CH2-CH2-CH2- 0 ) ;  £  51 P( CHCl^) 
- 1 1 .2 p .p .m ,
4 , 5 - D im e th y l - 2 - p h e n y l - 1 , 3 , 2 - d io x a p h o s p h o la n e - 2 - o x id e  ( HVI) 
P h e n y lp h o sp h o n ic  d ic h lo r id ©  ( 1 9 .5 g ,0 .1 m o l )  i n  anh y d ro u s  d io x a n  (30m l) 
was added  d ro p w ise  to  a s t i r r e d  s o l u t i o n  o f  2 , 3 - b u t a n e d i o l  ( 9 .0 g , 0 .1 m o l )  
and anh y d ro u s  p y r i d i n e  ( I 6 .0 g ,0 .2 m o l )  in. an h y d ro u s  d io x a n  (60m l)  u n d e r  
an a tm o sp h e re  o f  d ry  n i t r o g e n .  The s o l u t i o n  was s t i r r e d  f o r  a  f u r t h e r  2h, 
f i l t e r e d  and d io x a n  removed u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  t h e
r e s i d u e  gave  4 , 5 -d im e t h y l - 2 - p h e n y 1 - 1 ,3 , 2 —d io x a p h o s p h o l a n e - 2 - o x id e  ( l 4 . 5 g ,
o 256 9 $ )b . p .  130-131 a t  0.02mm Hg a s  a c o l o u r l e s s  l i q u i d  n^ 1 .5 2 0 4 ;
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Found: C ,5 6 .6 5 ;  H ,6 .4 $ ,
C a lc ,  f o r  C1()H13P C y  C ,5 6 .6 ;  H ,6 .1 5 $ ;
\  mny3040(C-H p h e n y l ) , 2 9 8 0 ,2920(C-H a l i p h a t i c ) , 1 5 9 3 , 1445 (C = C ),1275(P = 0),p max
1 1 3 7 ,1 050(P -O -C ) , 7 5 5 , 7 2 5 , 700cm"1( C-H p h e n y l ) ;  ( CC1 ) 1 . 9 - 2 . 6 (5H ,m ,P -
p h e n y l ) , 5 . 6 - 5 . 8(2H ,m ,P-O -CH ), 8 , 6 - 8 . 7( 6H, d ,0 —CH-CH„); ^ ^ P C C E C l  ) - 2 8 , 0
p .p .m .
4 - M e th y l - 2 - p h e n y l - 1 , 3 , 2 -d io x a p h o s p h o r in a n o - 2 - o x id e  ( H V II) 
P h e n y lp h o sp h o n ic  d i c h l o r i d e  ( 1 9 • 5 g ,0 . 1mol) i n  an hydrous  d io x a n  (30m l)  
was added  d ro p w is e  to  a s t i r r e d  s o l u t i o n  o f  1 , 3 - b u t a n e d i o l  ( 9 .0 g , 0 .1 m o l )  
and an h y d ro u s  p y r i d i n e  ( 1 6 .0 g ,0 .2 m o l )  i n  an h y d ro u s  d io x a n  (60m l) u n d e r  
an a tm o sp h e re  o f  d ry  n i t r o g e n .  The s o l u t i o n  was s t i r r e d  f o r  a  f u r t h e r  16H, 
f i l t e r e d  and d io x a n  removed u n d e r  re d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  t h e  
r e s i d u e  gave  4 - m e t h y l - 2 - p h e n y l - 1 , 3 , 2 - d io x a p h o s p h o r in a n e - 2 - o x id e  ( l3 * 2 g ,  
6 2 $ ) b . p . 158-160° a t  0.3mm Hg a s  a  c o l o u r l e s s  l i q u i d  w hich  c r y s t a l l i s e d  
on s t a n d i n g  m .p .64—6 5 ° ( w h i t e  n e e d l e s  from  h e x a n e ) ;
Found: C ,5 6 .2 5 ;  H ,6 .4 $ ;
C a lc ,  f o r  C10H13P03 : C ,5 6 .6 ;  PI,6 .1 5 $ ;
^  mov3040(C-H p h e n y l ) ,2 9 8 0 -2 9 0 0 (C -H  a l i p h a t i c ) , 1 5 9 3 ,14 4 5 (C = C ),12701 IILCLX
( P = 0 ) , 1 1 3 5 ,1 0 8 0 ( P - 0 - C ) ,7 5 5 ,7 1 5 ,690cm"1(C-H p h e n y l ) ;  X  (C C l4 ) 2 . 0 - 2 . 7  
( 5H, m, P - p h e n y l ) ,  5 . 0 - 6 . 2( 3H, m, P-O-CH), 8 . 0 - 8 . 3 ( 211, m, -CH ^CH ^C H -CH ^) , 8 . 6 -
8 .8 (3H ,d ,C H -C H ^); £  31p(CHCl3 ) - 1 4 .0 p .p .m .
C a l i b r a t i o n  o f  t h e  n . m . r .  m ethod f o r  a n a l y s i s  o f  t h e  r i n g  s i z e  i n
p h o s p h o n a te  p o ly me r s .
V a ry in g  am ounts o f  2 - p h e n y l - 1 , 3 , 2 - d i o x a p h o s p h o l a n e - 2 - o x i d e , 2 - p h e n y l - 1 , 3,
2 - d io x a p h o s p h o r in a n e - 2 - o x id e  and a c y c l i c  p h o s p h o n a te s  w ere  d i s s o l v e d  i nZtAc h lo ro fo rm  (2 .0 m l)  and th e  P n . m . r .  s p e c tru m  o f  t h e  m i x tu r e  o b t a i n e d .  
The r e s u l t s  a r e  sum m arised  on t h e  n e x t  p a g e .
5-membered 6-membered a c y c l i c c a l c u l a t e d 31 -nP n . m . r . r a t i o  fo u n d
r i n g r i n g  p h o s p h o n a te  r a t i o  5 :6 : peak 5 : 6 : a c y c l i c
p h o s p h o n a te 3 p h o sp h o n a te a c y c l i c p o s i t i o n p eak  a r e a s
g g g fo W/w p .p .m .
0 .3 5 0 .6 5 1 :1 .9 7 - 3 1 . 0 ( 5 )  
- 1 1 . 2 ( 6 )
i
o.CM..
0 .5 0 0 .5 0 1:1 - 3 1 . 0 ( 5 )
- 1 1 . 2 ( 6 )
1 : 1 .0 2
0 .7 5 0 .2 5 3:1 - 3 1 . 0 ( 5 )
- 1 1 . 2 ( 6 )
2 .9 4 :1
- 3 1 . 0 ( 5 )
0 .5 0 0 .5 0  0 .5 0 ° 1 :1 :1 - 1 1 . 2 ( 6
+ a c y c l i c )
1 :1 .8 9
- 3 1 . 0 ( 5 )
0 .3 3 0 .3 3  0 . 33d 1 :1 :1 - 1 6 .9( a c y c l i c )
- 1 1 . 2 ( 6 )
1 : 1 . 1 1 : 1 . 1 2
cl 2 - p h e n y l - 1 , 3> 2 -d io x a p h o s p h o la n e - 2 - o x id e
Id2 - p h e n y l - 1 , 3 > 2 -d io x a p h o s p h o r in a n e -2 -o x id e
Qd i v i n y l  p h e n y lp h o sp h o n a te  
^ d i e t h y l  p h e n y lp h o sp h o n a te
D i e t h y l  m e th y lp h o s p h o n a te  ( J l )
T r i e t h y l  p h o s p h i t e  ( 1 1 0 .0 g ,0 .6 6 m o l)  and iodom ethane  ( 1 0 0 .0 g ,0 .7 0 5 m o l)
w ere r e f l u x e d  f o r  2h on a s team  b a t h  u s i n g  an e f f i c i e n t  c o n d e n s e r  and an
an h y d ro u s  c a lc iu m  c h l o r i d e  g u a rd  tu b e .  I o d o e th a n e  (9 6 g )  was d i s t i l l e d
from th e  r e a c t i o n  m ix tu r e  and th e  r e s i d u e  d i s t i l l e d  g i v i n g  d i e t h y l
m e th y lp h o s p h o n a te  (9 5 .0 g ,9 5 ? 0  b . p . 59-60° a t  1.0mm Hg a s  a c o l o u r l e s s  
25l i q u i d  rip 1.4128$
Found: C ,39.45$ H , 8 . ^ $
C a lc ,  f o r  C ^ ^ P O ^ :  C ,3 9 .4 5 ;  H ,8 .55^$
V  max2970’ 291° ( C_H a l i p h a t i c ) , 1 3 0 8 (P-CH ) 1 2 30(P = 0) , 1 1 6 0 , 1 025cm- 1 ( P - 0 -  
C2H5 );  (CDC13 ) 5 . 6 - 6 . 2(4H ,m ,P-0-CH 2 ) , 8 .4 -8 .8 ( 9 1 1 ,q.,CH p r o t o n s )  31P
(C H C l^ )~ 26 .0p .p .m .
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M ethy lphosphon i c  a c i d  ( j l l )
D ie t h y l  m e th y lp h o s p h o n a te  ( 1 4 0 .0 g ,0 .9 8 5 m o l)  was r e f l u x e d  f o r  8h w i th  
h y d r o c h l o r i c  a c i d  (600m l) and w a te r  (6 0 0 m l) .  W a t e r ,h y d r o c h lo r i c  a c i d  and 
e t h a n o l  w ere removed by d i s t i l l a t i o n  g iv i n g  m e th y lp h o sp h o n ic  a c i d  ( 8 0 . Og,
8 y/o) a s  a  c o l o u r l e s s  v i s c o u s  l i q u i d  w hich c r y s t a l l i s e d  on s t a n d i n g  m .p.
1 0 3 -1 0 5 °( w h i t e  p l a t e s  from  h e x a n e / e t h y l  a c e t a t e ) .
M e th y lp h o sp h o n ic  d i c h l o r i d e  ( J i l l )
P h o sp h o ru s  p e n t a c h l o r i d e  ( 1 8 0 . 0 g , 0 . 86 5mol) was added  to  m e th y lp h o sp h o n ic  
a c i d  ( 3 6 .0 g ,0 .3 7 5 m o l)  i n  a f l a s k  eq u ip p ed  w i th  an e f f i c i e n t  r e f l u x  
c o n d e n s e r  and an an h y d ro u s  c a lc iu m  c h l o r i d e  g u a rd  tu b e .  A v ig o r o u s  
e x o th e rm ic  r e a c t i o n  s t a r t e d  on g e n t l e  h e a t i n g  and th e  c o n t e n t s  o f  t h e  
f l a s k  soon became l i q u i d .  The s o l u t i o n  was r e f l u x e d  f o r  a  f u r t h e r  12h 
and d i s t i l l e d  th ro u g h  a  30cm V igreux  column. P h o sp h o ry l  c h l o r i d e  was 
removed a s  th e  f i r s t  f r a c t i o n  fo l lo w e d  by m e th y lp h o s p h o n ic  d i c h l o r i d e  
( 4 8 , Qg,77$>)b,p. 160-162° a s  a c o l o u r l e s s  l i q u i d  n jp  1 .4595  w hich 
c r y s t a l l i s e d  on s t a n d i n g  m .p .3 2 -3 4 ° ;
Found: C l , 5 3 .1 9 $ ;
C a lc ,  f o r  CHJ?0C12 : C l , 53.35%;
2 9 8 0 ,2900(C-H a l i p h a t i c ) , 1 3 0 3 ( P - C H J , 1 268cm“ 1( P=0) .I max
D iv in y l  m e th y lp h o s p h o n a te  (K l)
M e th y lp h o sp h o n ic  d i c h l o r i d e  ( 2 6 .6 g ,0 .2 0 m o l )  i n  an h y d ro u s  b e n z e n e  (40m l)
was added  d ro p w is e  o v e r  2h to  a s t i r r e d  s o l u t i o n  o f  a c e t a l d e h y d e  ( 6 4 .0 g ,
1 .45m ol)  and t r i e t h y l a m i n e  ( 5 5 . 5g ,Q .55m ol)  w hich  h ad  b een  p r e v i o u s l y
c o o le d  to  - 1 5 °  and  sw ep t w i th  d ry  n i t r o g e n .  The s o l u t i o n  was m a in ta i n e d
a t  -1 5° f o r  4h w i th  c o n t in u o u s  s t i r r i n g  d u r i n g  w hich t im e  t h e  p r e c i p i t a t e
and s o l u t i o n  s lo w ly  d a rk e n e d  i n  c o l o u r .  The s o l u t i o n  was a l lo w e d  to
warm to  room te m p e r a tu r e ,  s t i r r e d  f o r  a f u r t h e r  12h th e n  l i g h t  p e t ro l e u m
b . p . 40 -6 0 °  (200m l) was added  w i th  s t i r r i n g .  The p r e c i p i t a t e  ( t r i e t h y l a m i n e
h y d r o c h l o r i d e  m .p .253° from  a l c o h o l )  was removed by f i l t r a t i o n  and ^he
v o l a t i l e  f r a c t i o n s  removed u n d e r  r e d u c e d  p r e s s u r e .  D i s t i l l a t i o n  o f  t h e
r e s i d u e  gave  d i v i n y l  m e th y lp h o s p h o n a te  b . p . 68 -7 0 °  a t  6.0mm H g,w hich  was
r e d i s t i l l e d  th ro u g h  a N e s t e r - F a u s t  s p in n in g  band column e q u ip p e d  w i th  an
18" s t a i n l e s s  s t e e l  band  and p a r t i a l  t a k e  o f f  h e a d  ( 9 * 3 g » 3 2 % )b .p .5 2 -5 3 °
25a t  1.0mm Hg as  a  c o l o u r l e s s  l i q u i d  n^ 1 .4 3 6 9 ;
Found: C ,4 0 .5 4 ;  H ,6 .4 5 ;  P ,21.25%? M+ ,1 4 8 ;
C a lc ,  f o r  C H PO : C ,4 0 .5 ;  H ,6 .1 ;  P , 2 0 .9 5 $ ;  M,148;
\  3010(C-H v i n y l ) , 2 9 20(C-H m e th y l ) ,  1643(C=C), 13 0 8 ( P - C H j , 1270( p =o ) ,UlclX j
1020(P-0-CH=CH2 ),910(CH=C ) ,  818cm~1 (P-O-C assym );  X  ( CC1 ) 3 . 1 - 3 . 6(2H,m,
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P-0-CH=CH2 ) , 5 . 0 - 5 . 6( 4H, q, P-0-CH=Cg2 ) , 8 . 3 - 8 . 6 ( 3H, d ,  CE^-P^O) ;  S  31 p( CHCl^)
- 2 2 .8 p .p .m ,
P o ly  ( D iv in y l  m e th y lp h o s p h o n a te )
C o n d i t io n s  and r e s u l t s  a r e  g iv e n  i n  T ab le6 .2 *  A t y p i c a l  exam ple  o f  a  
f r e e  r a d i c a l  i n i t i a t e d  p o l y m e r i s a t i o n  was c a r r i e d  o u t  a s  f o l l o w s .
D iv in y l  m e th y lp h o s p h o n a te  ( 1 . 4 8 g , 0 .01 m o l) was d i s s o l v e d  i n  f r e s h l y  
d i s t i l l e d  t e t r a h y d r o f u r a n  ( l . 5 g ) , a d d e d  to  a  p y re x  tu b e  c o n t a i n i n g  
a z o b i s i s o b u t y r o n i t r i l e  ( 30mg,2x 10 m o l ,2 .0 m o l% ) , th e  tu b e  p u rg e d  w i th  d ry
n i t r o g e n  and s e a l e d  w i th  a  r u b b e r  serum c a p .  The m ix tu r e  was i r r a d i a t e d  
w i th  a medium p r e s s u r e  m ercury  d i s c h a r g e  lamp f o r  2 0 h , th e n  s lo w ly  p o u re d  
i n t o  v i g o r o u s l y  s t i r r e d  e t h e r  ( 2 0 0 m l ) , t h e  p r e c i p i t a t e  c o l l e c t e d  by  
f i l t r a t i o n , w a s h e d  r e p e a t e d l y  w i th  e t h e r  and  d r i e d  u n d e r  r e d u c e d  p r e s s u r e  
55° a t  0»5mm Hg. The s o l i d  was g ro u n d  to  a  f i n e  p o w d e r ,S o x h le t  e x t r a c t e d  
w i th  h ex an e  and d r i e d  u n d e r  r e d u c e d  p r e s s u r e  g i v i n g  p o ly  ( d i v i n y l  
m e th y lp h o s p h o n a t e ) ( 0 .4 1 g .30%) s o f t e n i n g  p o i n t  105-110°;
Found: C ,4 0 .1 ;  H ,6.9% ;
C a lc ,  f o r  (C cHnP 0 j  : C ,4 0 .5 ;  H ,6 .1  %;b y  j  n
\ )  2 9 9 0 -2 9 0 0 (b r ) ( C-H) ,1 3 1 0 ( P - C H ,) ,1 2 7 0 -1 2 2 0 (b r ) ( P=0) ,1 0 4 0 - 9 8 0 ( b r )y max j
( P-O-C) , 8 2 5-800cm“ 1( b r ) ( P-O-C a s  sym);  X ( ( CD„ ) oS 0 ) 4 . 4 - 5 . 1 ( b r ) , 7 . 0 - 7 . 5
S*) •Z 4( b r ) , 8 . 2 - 8 . 7 ( b r ) ;  p (N ,N -d im e th y lfo rm a m id e )  -2 4 * 6 p .p .m .  The sam ple
had  a  re d u c e d  s p e c i f i c  v i s c o s i t y  ( ^  s p /c ^  °"^ (N ,N -d im e th y l fo rm a m id e ) .
R e a c t io n  o f  d i v i n y l  m e th y lp h o s p h o n a te  w i th  b r o m o t r ic h lo r o m e th a n e  
D iv in y l  m e th y lp h o s p h o n a te  ( 1 .4 8 g ,0 .0 1 m o l)  was d i s s o l v e d  i n  f r e s h l y  
d i s t i l l e d  b ro m o t r ic h lo ro m e th a n e  ( 5 .0 g ,0 .0 2 5 m o l ) .  The m ix tu r e  was p u rg e d  
w i th  d ry  n i t r o g e n , s e a l e d  i n  a g l a s s  am poule and i r r a d i a t e d  w i th  a  medium 
p r e s s u r e  m ercu ry  d i s c h a r g e  lamp f o r  16h . E x ce ss  b r o m o t r ic h lo r o m e th a n e  
was removed u n d e r  re d u c e d  p r e s s u r e  y i e l d i n g  b i s ( 1 - b r o m o - 3 . 5, 3 - t r i c h l o r o -  
p r o p y l ) m e th y lp h o s p h o n a te  as  a p a l e  y e l lo w  v i s c o u s  l i q u i d  n 23 1 . 5330 ;
Found: B r ,3 6 .6 ;  01 ,50 .15% ;
C^HgPO^Br^Cl^ r e q u i r e s :  B r ,2 9 .3 5 ;  01 ,39 .05% ;
V  max2920^C“ H a l i Ph a t i c ) »1509 ( P-CH ) , 1 2 7 0 ( P=0 ) , 1 0 6 0 -1 0 2 0 (P -O -C ) ,8 1 8 c n f1 
(P-O-C assym ); X  ( 0 0 1 ^ ) 2 . 9 -3 .4 (2 H ,m ,P -O -C H -B r) , 6 . 3 -6 .4 (4H ,d ,C H B r-C H 2-  
CCl3 ) f 8 .1 -8 .5 (3 H ,d ,P -C H  ) ;  S  31p(CHCl5 ) - 2 7 .4 p .p .m .
— 1 21 —
2 - M e th y l - 1, 3. 2 -d io x a p h o s p h o la n e -2 —o x id e  ( K I I )
1 . 2 - E t h a n e d io l  ( 1 .8 g ,0 .0 3 n io l )  was added  to  i c e  c o ld  m e th y lp h o sp h o n ic
d i c h l o r i d e  ( 3 « 9 g ,0 .0 3 m o l)  i n  a f l a s k  c o n n e c te d  v i a  a c o ld  t r a p  to  a w a te r
pump. The c o n t e n t s  o f  th e  f l a s k  w ere a l lo w e d  to  warm to  room t e m p e r a tu r e ,
hy d ro g en  c h l o r i d e  b e in g  removed u n d e r  vacuum w h i l s t  k e e p in g  t h e  t e m p e r a t u r e
a t  3 0 -4 0 ° .  When most o f  th e  h y d rogen  c h l o r i d e  had  been  e v o l v e d , t h e  r e a c t i o n
was m a in ta in e d  a t  100-110°  f o r  2h . D i s t i l l a t i o n  o f  t h e  r e s i d u e  gave
2 - m e t h y l - 1 , 3 > 2 -d io x a p h o s p h o la n e -2 -o x id e  ( 1 . 5 g ,4 1 $ ) b .p .  1 50 -1 3 2 °  a t  2.0mm
25Hg a s  a c o l o u r l e s s  l i q u i d  n^ 1.4565?
^  max2920(C-H ) ,  1309(P-CH ) ,  1240(P = 0) ,  1040cm“ 1 ( P-O-C);  t ( CC14 ) 5 . 5 - 5 . 9  
(4H ,m ,P-0-CH 2 ) ,8 .2 - 8 .5 ( 3 H ,d ,P - C H 5 ) ;  §  51P(CHC1 ) - 4 3 .2 p . p .m .
2 -M eth y l—1 , 5 , 2 - d io x a p h o s p h o r in a n e - 2 - o x id e  ( K i l l )
1 . 3 - P r o p a n e d io l  (2 .3 g * 0 .0 3 m o l)  was added  to  i c e  c o ld  m e th y lp h o s p h o n ic  
d i c h l o r i d e  ( 3*9g, 0 . 03niol) i n  an e v a c u a te d  f l a s k ,  a f t e r  w hich  t h e  c o n t e n t s
w ere k e p t  a t  30 -40°  w h i l s t  most o f  t h e  h y d ro g en  c h l o r i d e  was removedou n d e r  vacuum and th e n  th e  r e a c t i o n  was h e a t e d  to  100-110  f o r  2h. 
D i s t i l l a t i o n  o f  t h e  r e s i d u e  gave  2 - m e t h y l - 1 , 3 > 2 -d io x a p h o s p h o r in a n  e p ­
o x id e  ( l . 6 g , 4 0 $ )  a s  a  c o l o u r l e s s  l i q u i d  b . p . 122-124° a t  0.4mm Hg w hich  
c r y s t a l l i s e d  on s t a n d i n g  m .p .9 8 -1 0 0 ° ( w h i t e  f l a k e s  from  h e x a n e ) ;
Found; 0 , 3 5 .4 ;  H ,6 .9 5 ^ ;
C a lc ,  f o r  C ^ P O y  0 ,3 5 .5 ?  H , 6 . 6 ^ ;
\) 2980 (C -H ), 1 3 0 8 (P -C H ,) , 1 250(P = 0) , 1 082(P -O -G ) , 804cm~1( P-O-C a s s y m ) ;/  max j
X  (CCl4 )5 .5 -6 .3 (4 H ,m ,P -0 -C H 2 ) ,8 .0 ~ 8 .2 (2 H ,m ,P -0 -C H 2-CH2-CH2 ) , 8 . 4 - 8 . 7  
( 3H ,d ,P -C H ^); CHCl^) - 2 3 .2 p .p .m .
2 ,4 .  5 - T r im e th y I - 1 , 3 . 2 -d io x a i )h o s p h o la n e -2 -o x id e  (KIV)
1 , 2 - B u ta n e d io I  ( 2 .7 g ,0 .0 3 m o l )  was added  to  i c e  c o l d  m e th y lp h o s p h o n ic
d i c h l o r i d e  ( 3 »9 g , 0 . 03mol) i n  an e v a c u a te d  f l a s k  a f t e r  w hich  t h e  c o n t e n t s
w ere k e p t  a t  30 -40°  w h i l s t  most o f  t h e  h y d ro g en  c h l o r i d e  was rem oved u n d e r
ovacuum and th e n  th e  r e a c t i o n  was m a in ta in e d  a t  100-110 f o r  2h . D i s t i l l a t i o n
o f  th e  r e s i d u e  gave  2 , 4 , 5 - t r i m e t h y l - 1 , 3 > 2 -d io x a p h o s p h o la n e - 2 - o x id e  (2 .3g>
4 7 ^ )b «P*126-128° a t  4.0mm Hg a s  a  c o l o u r l e s s  l i q u i d  w hich c r y s t a l l i s e d
oon s t a n d i n g  m .p .42-44 ;
NJ 2980( C-H ), 1309 ( P -C H ,) , 1270( P=0) 1050cm"*1 ( P -O-C); CC1 ) 5 . 6 - 5 . 9Jf 111 3/X Jj/
( 2H ,m ,P-O-CH ),8 . 3 - 8 . ? ( 9 H ,m ,a l l  CH ! s ) ;  S  51p(CHCl5 ) - 3 9 .2 p . p .m .
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2 ,4 —D im e th y l - 1. 5 . 2 - d i o x a p h o s p h o r in a n e - 2 - o x id e ( kv)
1 , 3 - B u ta n e d io l  ( 2 . 7g , 0 . 03mol) was added  to  i c e  c o ld  m e th y lp h o s p h o n ic  
d i c h l o r i d e  (3 * 9 g ,0 .0 3 m o l )  i n  an  e v a c u a te d  f l a s k  a f t e r  w h ich  t h e  c o n t e n t s  
w ere k e p t  a t  30 -40°  w h i l s t  m ost o f  t h e  h y d ro g en  c h l o r i d e  was removed 
u n d e r  vacuum and th e n  t h e  r e a c t i o n  was m a in ta in e d  a t  100-110°  f o r  2h. 
D i s t i l l a t i o n  o f  t h e  r e s i d u e  g ave  2 , 4 - d i m e t h y l - 1 , 3 > 2 -d io x a p h o s p h o la n e -2  
- o x i d e  ( 2 . 2g, 45/£)b.p.7Q -71 °  a t  0.2mm Hg a s  a  c o l o u r l e s s  l i q u i d  w hich  
c r y s t a l l i s e d  on s t a n d i n g  m .p .40-41 ;
^  2 9 8 0 ,2940(C -H ),1 3 0 9 ( P -C H ,) , 1 245(P=0) , 1 080 (P -O -C ) , 803cm“ 1( P-O-C? max
assym ); X  ( CC1 ) 5 . 4 - 6 . 0(3H ,m ,P-O -CH ,P-O -CH g),8 . 0 - 9 . 0 (8H ,m ,P -C H ^ ,0 -C - 
CH2-C -0 ,C -C H 5 ) ;  £ 3V  CHCl^)—2 6 . 4 p . p.m.
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APPENDIX 1
Computer P rogram  f o r  C a l c u l a t i n g  R e a c t i v i t y  R a t i o s .
The p rogram  p r e s e n t e d  h e r e  i s  w r i t t e n  i n  t h e  FORTRAN IV program m ing 
la n g u a g e .
COPOLYMERISATION PARAMETERS
SUBROUTINE SLINE (x,Y,SLOPE,RCEP,NUM) DIMENSION Y(50),x(50)
SUM X = 0 . 0
SUM Y = 0 .0
SUM XX = 0 . 0
SUM XY = 0 . 0
ANBM = NUM
DO 49 1=1, NUM
SUM X = SUM X + X ( l )
SUM Y = SUM Y + Y ( l )
SUM XX = SUM XX + X ( l )  **2 
49 SUM XY = SUM XY + x ( l )  *  Y ( l )
DET = SUM X *  SUM X -  ANUM * SUM XX
SLOPE = (SUM X *  SUM Y -  MUM *  SUM XY) /  DET
RCEP = (SUM X * SUM XI — SUM Y *  SUM XX) /  DET
RETURN
END
DIMENSION SMAF 1 ( 1 5 ) ,  SMAF 2 ( 1 5 ) ,  CAPF 1 ( 1 5 ) ,  CAPF 2 ( 1 5 ) ,
R1 ( 1 1 ) ,  R 2 (1 5 ,1 1 ) ,  ORD(5 0 ) ,  ABSC(50), BXTRA(tl), SL0PE(15),
SINT(15)
READ ( 2 , 1 )  NPTS
1 FORMAT
READ ( 2 , 2 )  (SMAF l ( l ) ,  CAPF l ( l ) ,  1=1, NPTS)
2 FORMAT (2F 1 0 .0 )
4 DO 8 J= 1 ,  NPTS
SMAF 2 ( j )  = 1 .0  -  SMAF 1 ( j )
CAPF 2 ( j )  = 1 .0  -  CAPF 1 ( J )
ORD ( J )  = (SMAF 1 ( j )  * ( l . Q - ( 2 . 0 *  CAPF 1 ( j ) ) )  )/(SMAF 2 ( j )  *
CAPF 1 ( J ) )
8 ABSC ( J )  = ( ( SMAF 1 ( j )  **  2) *  CAPF 1 ( j ) ) / ( (S M A F  2 ( j )  * *  2 )  *  
CAPF 1 ( J ) )
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CALL SLINE (ORD,ABSC,ARCS,ARG1 , NPTS)
WRITE ( 5 ,  11)
11 FORMAT ( 1 H , 20X, 'H.H.MONKS REACTIVITY RATIOS*,)
7/RITE ( 5 ,  12)
12 FORMAT ( 1 1I , 10X, * THE ARRAYS NEEDED FQR CALCULATION ARE - ' , )
WRITE ( 5 ,  15)
15 FORMAT ( 1 H , 10X, 'SMALL F1 SUB I 1, 4X,'CAPITAL F1 SUB I ' ,  4X,
’SMALL F2 SUB I ’ , 4 X , ’ CAPITAL F2 SUB I * , )
WRITE ( 5 , 6 1 ) ( SMAF 1 ( m) ,  CAPF 1 (M), SMAF 2 ( m) ,  CAPF 2 ( m) ,  M=1, 
NPTS)
61 FORMAT (1 H , 12X, F 1 0 .7 ,  8X, F 1 0 .7 ,  8X, F 1 0 .7 ,  8X, F 1 0 .7 )  
WRITE ( 5 ,7 0 )
70 FORMAT (1H1, 10X, ’FITTING THE LEAST SQUARES LINE’ , )
7/RITE ( 5 ,1 7 )
17 FORMAT (1 H ,10X ’ THE CALCULATED POINTS TO BE FITTED A R E - ', )  
WRITE ( 5 ,1 8 )
18 FORMAT (1H , 10X, 'ORDINATES’ , 40X, ’ABSCISSAS’ , )
7/RITE ( 5 ,1 9 )  (ORD ( J D ) ,  ABSC ( j d ) ,  JD=1,NPTS)
19 FORMAT ( 1 H , 12X, F 1 6 .7 ,  30X, F 1 6 .7 )
WRITE ( 5 ,2 0 )  MGS
20 FORMAT (1HO,10X, ’THE SLOPE OF THE FITTED LINE’ , 4X, F 1 6 .7 )  
7/RITE (5 ,2 1  )MG 1
21 FORMAT (1H0, 10X ,’THE INTERCEPT OF THE FITTED LIN E ',  4X, F 1 6 .7 )
DO 37 K=1, NPTS
B = 0 .9 0
C1 = SMAF 1 ( k )/SMAF 2 ( k )
C2 = CAPF 2 (K)/CAPF 1 ( k )
CON = C1 * ( C 2-1 . 0 )
C0R1 = C1 *  C2 *  C1 
DO 37 L=1, 11 
R1 (L) = B * ARGS 
B = B + 0 .0 2  
37 R2 (IC,L) = CON + C0R1 * R1 ( l )
DO 500 KR = 1, NPTS 
DO 501 LR = 1, 11 
501 EXTRA (LR) = R2 (KR, LR)
CALL SLINE (EXTRA, R1, MGS, ARG1, NPTS)
SLOPE (KR) = ARGS 
500 SINT (KR) = ARG1
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WRITE ( 5 ,7 1 )
71 FORMAT (1 HO,10 X , ’ SOLUTIONS OF THE LINEAR EQUATIONS FOLLOW’ , )  
DO 95 JHD = 1, NPTS 
DO 90 MAC = 1, 11 
IF  (MAC -  1) 300, 96 , 97
96 WRITE ( 5 ,9 8 )  SMAF1 (JHD), CAPF1 (JHD), Rl(MAC), R2(JHD,M C) 
GO TO 90
97 WRITE ( 5 ,9 9 )  R1 (MAC), R2(JHD,MAC)
90 CONTINUE
WRITE (5 ,1 0 0 )
WRITE ( 5 ,2 0 )  SLOPE(JHD)
95 WRITE ( 5 ,2 1 )  SINT(JHD)
100 FORMAT (1 HO, 10X, ’A STRAIGHT LINE HAS BEEN FITTED TO R(2)VS
h( i ) ' » )
98 FORMAT (1H , ’WHEN SMALLF1 = ’ , F 1 4 .7 ,  'ANID CAPF1 = ’ , F 1 4 .7 ,
*ANI> R (1) = ' ,  F14 . 7 ,  'THEN R(2) = ' ,  F 1 4 .7 )
99 FORMAT (78X, F 1 4 .7 ,  14X,F14*7)
WRITE (5 ,3 0 1 )
301 FORMAT (1B1, ’END END END END END' , )
300 CALL EXIT 
END
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APPENDIX 2
P o s t - g r a d u a t e  C o u rse s  o f  S tudy
The f o l l o w i n g  p o s t - g r a d u a t e  l e c t u r e s  w ere a t t e n d e d .
1 . At The U n i v e r s i t y ,  S h e f f i e l d .
( a )  S t r u c t u r e  d e t e r m i n a t i o n  by mass s p e c t r o m e t r y  (6  l e c t u r e s )
(b )  P r i n c i p l e s  o f  n u c l e a r  m a g n e tic  r e s o n a n c e  and c h em ica l  
a p p l i c a t i o n s  (6  l e c t u r e s )
( c )  High P o ly m e rs  (6  l e c t u r e s )
2 . At S h e f f i e l d  P o ly t e c h n ic
( a )  M acrom olecu les  (11 l e c t u r e s )
( b )  P o ly m e r ic  m a t e r i a l s  (2  day c o u r s e )
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